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NOVEL HIGH AFFINITY HUMAN ANTIBODIES TO TUMOR 

ANTIGENS 
BACKGROUND OF THE INVENTION 

Tliis application is a continuation-in-part of United States Provisional 
Applications U.S.S.N. 60/000,238 and U.S.S.N. 60/000,250, filed on June 14, 1995 and 
June IS, 1995 respectively. These applications are incorporated by reference for all 
purposes. 

The invention was made by or under a contract with the following 
agencies of the United States Government: Army Grant No. DAMD17-94-J-4433 and the 
Department of Healtii and Human Services, National Institutes of Healtii, Grant No. UOl 
CA51880, 

This invention pertains to the fields of immunodiagnostics and 
immunotherapeutics. In particular, this invention pertains to the discovery of novel 
human antibodies that specifically bind to c-erbB-2, and to chimeric molecules containing 
these antibodies. 

Convoitional cancer chemotherapeutic agents cannot distinguish between 
normal cells and tumor cells and hence damage and kill normal proliferating tissues. 
One approach to reduce this toxic side effect is to specifically target the 
chemotherapeutic agent to the tumor. This is the rationale bdiind the development of 
immunotoxins, chimeric molecules composed of an antibody either diemically conjugated 
or fused to a toxin that binds specifically to antigras on the surface of a tumor cell 
thereby killing or inhibiting tfie growtii of tiie cell (Frankel e/ al. Am. Rev. Med.^ 31: 
127 (1986)). The majority of immunotoxins prepsned to date, have been made using 
murine monoclonal antibodies (Mabs) that exhibit specificity for tumor cells. 
Immunotoxins made from Mabs demonstrate relatively selective killing of tumor cells in 
vitro and tumor regression in animal models (id.). 

Despite these pronusing results, the use of immunotoxins in humans has 
been limited by toxicity^ immunograidty and a failure to identify highly specific tumor 
antigens (Byers ei €d. Cancer Mes.^ 49: 6153). Monsp^ific toxicity i^uits from Iks 
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fdlure of the monoclonal antibody to bind specifically and with high affinity to tumor 
cells. As a result, nonspecific ceU killing occurs. In addition, the foreign immunotoxin 
molecule eUdts a strong immune response in humans. The immunogenidty of the toxin 
portion of the immunotoxin has recenUy been overcome by using the human analog of 
RNase (Rybak et al Proc. Nat. Acad. Sd.. USA, 89: 3165 (1992)). Tht murine 
antibody portion, however, is still significantly immunogenic (Sawlcr et al., 7. Inmmtol 
135: 1530 (1985)). 

Immunogenidty could be avoided and toxidty reduced if high affinity 
tumor spedfic human amibodies were available. However, the production of human 
monodonal antibodies using conventional hybridoma tedmology has proven extremdy 
difficult (James et al., J. bmunol Meth., 100: 5 (1987)). Furthermore, the paudty of 
purified tumor-spedfic antigens makes it necessary to immunize with iniaet tumor cdis 
or partiaUy purified antigen. Most of the antibodies produced react with antigens which 

are also common to normal cdls ami are therefore unsuitable for use as tumor-spedfic 
targeting molecules. 

SUMMARY OF THE INVENTION 
This invention provides novd human antibodies that spedfically bind to 
the extraceUular domain of the c-crbM piotdn product of the HER2/neu oncogene. 
This antigen (marker) is overe,q«essed on many cancers (e. g. cardnomas) and thus the 
antibodies of the present invention spedfically bind to tumor cdls that «q«ess 0^8-2. 

In a preferred embodiment, the antibody is a C6 antibody derived ftom the 
sPv antibody C6^, The antibody may contain a variable heavy duun, a variable light 
chain, or both a variable heavy and variable light diain of C6.5 or its derivatives In 

addition the antibody may contain a variable heavy dain, a variable light diain w 
variable heavy and variable light dudn of C6.5 in whidi one or more of the variable 
heavy or variable light complementarity determming r^s (C3)R1 , CDR2 or CDR3) 
has been altered («.g.. mutated). Particularly preferred CDR variants are listed in the 
spedfication and in Examples 1,2 and 3. Particulariy preferred C6 antibodies indude 
C6.5, C6MU,14, CdL-l and C6MH3-B1. In various preferred embodiments, these 
antrfxxiies are single dmn antibodies (sFv also known as scFv) comprising a variable 
heavy dain joined to a variable Hght dmn dther diredly or through a peptide linker. 
Other preferred embodiments of the C6 antibodies and C6.5. CdML3-14, C6L1, and 
m ^is^, wjy^g Fab, <^ ^ (Fab»)2, and the dimer (sFv;^' 
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Particularly prefened (sFv')j dimers are fiisi n proteins where the Sfv' components are 
joined through a peptide linkage or through a peptide (0*5). Still other preferred C6 
antibodies include an antibody selected from the group consisting of an antibody having a 
Vl domain with one of the amino add sequences shown in Table 10, an antibody having 
a Vh domain with one of tte amino acid sequences shown in Tsiila 12, an antibody 
having a CDR3 domain having one of the amino add sequences shown in Tables 4, 
15, and 16, and an antibody having a Vg CDR3 domain having one of the amino add 
sequences shown in Tables 13 and 14. Other preferred embodiments are to be found 
replete throughout the spedfication. 

In a particularly preferred embodiment, the C6 antibody has a Kj ranging 
fiom about 1.6 x 10* to about 1 x ia« M in SK-BR-3 cdls using Scatchard analysis or 
as measured against purified c-eibB-2 by surfece plasmon resonance in a BIAcore. 

In anotho: embodiment the present invention provides for nucleic adds that 
encode any of the above-described C6 antibodies. The invention also provides for 
nuddc adds that encode the amino add sequences of C6.5, C6ML3-14, C6L1, C6MH3- 
B 1 , or any of the other amino add sequences encoding C6 antibodies and described in 
Example 1, 2 or 3. In addition this invention provides for nuddc add sequences 
encoding any of these amino add sequences having conservative amino add 
substitutions. 

In still another embodiment, tiiis invention provides for protdns 
comprising one or more complementarity determining regions sdected ftom the group 
consisting of the complemaitarity determining r^ons of Tables 10, 12, 13, 14, 15, and 
16 and of any of the examples, in particular of Examples 1, 2 or 3. Other particularly 
preferred antibodies indude any of the antibodies expressed by the dones described 
herdn. 

In still yet another embodiment, this invention provides far cdls 
comprising a recombinant nuddc add whidi is any of the above described nuddc adds. 

This invention also provides for chimeric molecules that q>edfically bind a 
tumor ceU bearing c-erbB-2. ITie chimeric molecule comprises an effector molecule 
joined to any of the above^escribed C6 antibodies. In a preferred embodiment, the 
effector molecule is selected from the group consisting of a cytotoxin (e.g. PE, DT, 
Ridn A, etc.), a labd, a radionudide, a drug, a liposome, a ligand, m antibody, and m 
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antigen binding domaine). The C6 antibody may be chemicaUy conjugated to the 
effector molecule or the chimeric molecule may be exiiressed as a fusion protein. 

This invention provides for methods of making C6 antibodies. One 
method proceeds by i) providing a phage library presenting a C6.5 variable heavy chain 
and a multipUdty of human variable light chains; ii) panning the phage library on c- 
eibB-2; and iu) isolating phage that specifically bind c-erbB-2. This method optionally 
further includes iv) providing a phage library presenting the variable light chain of the 
phage isolated in step iii and a multiplicity of human variable heavy chains; v) panning 
the phage library on c-erbB-2; and vi) isolating phage that specifically bind c-crbB-2. 

Another method for maldng a C6 antibody proceeds by i) providing a 
phage library presenting a C6.5 variable light chain and a multiplicity of human variable 
heavy chains; ii) panning the phage library on c-erbB-2; and iii) isolating phage that 
specifically bind c-eTbB-2. 

Yet another method for making a C6 antibody involves i) providing a 
phage library presenting a C6.5 variable light and a C6.5 variable heavy chain encoded 
by anuddc add variable in the sequence encoding CDRl, CDR2 or CDR3 such that 
ead» phage displays a difEoent CDR; u) pamiing the phage libraiy on o«bB.2; and 
isolating the phage that specifically bind c-eibB-2. 

This invention also provides a method for impairing growth of tumor cdls 
bearing c^B-2. This method involves contacting the tumor vnth a chimeric molecule 
comprising a cytotoxin attadied to a human C6 antibody that spedficaUy binds c^B-2. 

FinaUy, this invention provides a method for detecting tumor cells bearing 
c-«bB-2. This metiiod involves contacting the biological samples derived from a tumor 
with a chimeric molecule comprising a labd attached to a human C6 antibody that 
specifically binds c-eibB-2. 

Definitinn^ 

Tlie following abbreviations are used herein: AMP, ampidllin; c-crbB-2 
BCD, extracdlular domain of c-crbB.2; CDR, complementarity determining r^on; 
ELBA, enzyme linked immunosorbent assay; FACS, fiuorescence activated cdl sorter, 
FR, framework region; Glu, glucose; HBS, bepes buffered saline, 10 mM hepes, 150 ' 
mM Naa. pH 7.4; IMAC, immobilized metal affinity chromatography; k^, asscidation 
sss ©ttsamas; I^, fiissoeiaJies ss^ eaastasi; MPIS, aMmmed milk powder ia 'mS; 
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MTPBS, skimmed milk powder in TPBS; PBS, phosphate bufifered saline, 25 mM 
NaHjPO*, 125 mM NaQ, pH 7.0; PGR, polymerase chain reaction; RU, resonance 
units; scFv or sFv, single-chain Fv fragment; sFv': Fv containing cysteine; TPBS, 
0.05% v/v Tween 20 in PBS; SPR, surfece plasmon resonance; V^, Immunoglobulin 
kappa light chain variable region; V„ Immunoglobulin lambda light chain variable 
region; Vl, Immunoglobulin light chain variable region; Vh, immunoglobulin 
heavy chain variable region; wt, wild type. 

As used herein, an "antibody" refers to a proton consisting of one or more 
polypeptides substantially encoded by immunoglobulin genes or fragments of 
immunoglobulin genes. Hie recognized immunoglobulin genes include the kappa, 
lambda, alpha, gamma, delta, epalon and mu constant region genes, as well as myriad 
immunoglobulin variable region genes. Light chains are dasafied as duier kappa, or 
lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in 
turn define die immunoglobulin dasses, IgG, IgM, IgA, IgD and IgE, lespectivdy. 

A typical immunoglobulin (antibody) structural unit is known to con^nise 
a tetramer. Each tetramer is composed of two identical pairs of polypqitide chains, each 
pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The 
N-tenninus of each chain defines a variable region of about 100 to 110 or more amino 
adds primarily responsible for antigen recognition. The terms variable light diain (Vt) 
and variable heavy chain (Vg) refer to tiiese light and heavy chains respectivdy. 

Antibodies exist as intact immunoglobulins or as a number of well 
diaracterized fragments produced by digestion with various pq)tidases. Ilius, for 
exaiqrie, pq»sin digests an antibody bdow the disulfide linkages in die hinge r^on to 
produce F(ab)'2. a dimer of Fab «1dch itself is a light chain jdned to Vh-Ch1 by a 
disulfide bond. Hie F(ab)'3 may be reduced under mild conditions to break tiie disulfide 
linkage in tfie hinge region thereby converting the (Fab*)2 dimer into an Fab' monomer, 
nie Fab* monomer is essentially an Fab with part of die hinge region (see. Fundamental 
Immunology, W.E. Paul, ed., Raven Press, N.Y. (1993), for a more detailed description 
of otiier antibody fragments). While various antibody fragments are defined in terms of 
die digestion of an intact antibody, one of skill will appiedztt that such Fab' fragments 
may be synthesized de novo dtfier chemically or by utilizing recombinant DNA 
methodology. Thus, die term antibody, as used herein also indudes antibody fragment 
aths- produced by tae modification of whole antibodies or synthesized de novo using 
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recombinant DNA methodologies. Piefened antibodies include single chain antibodies, 
more preferably single chain Fv (sFv) antibodies in which a variable heavy and a 
variable light chain are joined together (directly or through a peptide linko) to form a 
continuous polypeptide. 

An "antigen-binding site" or "binding portion' refers to the part of an 
immunoglobulin molecule that participates in antigen binding. The antigen binding site is 
formed by amino add residues of the N-terminal variable ("V") regions of the heavy 
("H") and light ("L") chains. Three highly divergent stretches within die V regions of 
the heavy and light dudns are referred to as "hypervariable re^cms" whidi are 
interposed between more conserved flanldng stretches known as "framework r^ns" or 
"FRs". Thus, the term "ER" refers to amino acid sequences whidi are naturally found 
between and adjacent to hypervariable regions in immunoglobulins. In an antibody 
molecule, the three hypervariable regions of a light chain and the three hypervariable 
regions of a heavy chain are disposed relative to eadi other in tiiree dimenaonal space to 
form an antigen binding "surfece". This surface mediates recognition and binding of the 
target antigen. The three hypervariable regions of each of the heavy and light chains are 
referred to as "complementarity determining regions" or "CDRs" and are diaiacterized, 
for example by Kabat et al. Sequences of proteins immunological interest, 4fli ed. 
U.S. Dq>t. HeaWi and Human Services, Public Health Services, Betfaesda, MD (1987). 

As used herdn, the terms "immunological binding" and "immunolopcal 
binding properties" refer to the non-covalent interactions of the ^ which occur 
between an immunoglobulin molecule and an antigen for which the immunoglobulin is 
spedGc. The strength or afBnity of immunological binding interactions can be expressed 
intermsof the dissociation constant (KJ of the interaction, wherein a smaller Kfl 
rq>resaits a greater affinity. Immunological binding properties of selected polypeptides 
can be quantified using methods weU known in the art One such meduxl entails 
measuring the rates of antigen-binding site/antigen complex formation and dissociation, 
wherein those rates depend on the concentralbns of the con^lex partners, the affinity of 
the interaction, and on geometric parameters that equally influence the rate in both 
directions. Thus, both the "on rate constant" (kj and the "off rate constant" (Kid can 
be determined by calculation of the concentrations and the actual rates of association and 
dissociation. The ratio of k^ka, enables cancellation fall parameters not related to 
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affinity and is thus equal to the dissociation constant K^. See. generally, Davies et al. 
Arm, Rev, Biochem., 59: 439-473 (1990). 

The term "C6 antibody", as used herein refers to antibodies derived ftom 
C6.5 whose sequence is e35>iessly provided herein. C6 antibodies preferably have a 
binding affinity of about 1.6 x lO* or better and are preferably derived by screening (for 
affinity to c-erbB-2) a phage display library in which a known C6 variable heavy (Vh) 
chain is expressed in combination with a multiplicity of variable light (VJ chains or 
conversely a known C6 variable light chain is oqnessed in combination with a 
multipUdty of variable heavy (Vh) chains. C6 antibodies also include those antibodies 
produced by the introduction of mutations into the variable heavy or variable light 
complementarify determining regions (CHJRl, CDR2 or CDS3) as described herein. 
Finally C6 antibodies include those antibodies produced by any combination of these 
modification methods as applied to C6.S and its derivatives. 

A single chain Fv ("sPv" or "scFv") polypeptide is a covalendy linked 
Vh::Vl heterodimer whidi may be expressed ftom a nucleic add induding Vg- and V^- 
encoding sequences either joined directly or joined by a peptid&«icoding linker. 
Huston, et aL Proc. Nat. Acad. Sd. VSA, 85: 5879-5883 (1988). A number of 
structures for converting the naturally aggregated- but chemically separated light and 
heavy polypeptide chains fiom an antibody V region into an sFv molecule which wiU 
fold into a three dimensional structure substantially similar to the structure of an antigen- 
binding site. &e,«.^. U.S. Patent Nos. 5, (»1,513 and 5,132,405 and 4,956.778. 

In one dass of embodiments, recombinant design methods can be used to 
devdqp suitable chemical structures (tinkers) for converting two naturally assodaled-but 
chemicaDy sqarate-heavy and light polypeptide chains from an antibody variable region 
into a sFv molecule which will fold into a three^ensional structure that is substantially 
similar to native antibody structure. 

Design criteria indude determination of the appropriate length to span the 
distance between the C-tenninal of one chain and the N-terminal of the other, wherein 
the linker is generally formed ftom small hydrophilic amino add residues that do not 
tend to coa or form secondary structures. Such methods have been described in the art. 
See. e.g., U.S. Patent Nos. 5,091,513 and 5,132,405 to Huston et al.; and U.S. Patent 
No. 4,946,778 to Ladner et al. 
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In this regard, tiie first general stq) of linker design involves identificati n 
of plausible sites to be linked. Appropriate linkage sites on each of the Vh and 
polypeptide domains include those which will result in the minimum loss of residues 
from the polypq)tide domains, and which will necessitate a linker comprising a minimum 
number of residues consistent with the need for molecule stability. A pair of sites 
defines a "gap" to be linked. linkers connecting the C-terminus of one domain to the 
N-terminus of the next generally comprise hydrophiUc amino adds which assume an 
unstructured configuration in physiological solutions and preferably are fiee of residues 
having large side groups which might interfere with proper foldiitg of the Vh and Vt 
chains, nxus, suitable linkers under the invention generally comprise polypq)tide chains 
of alternating sets of glycine and serine residues, and may include ghitamic add and 
lysine residues inserted to enhance solubility. One particular linker under the invention 
has the amino add sequence [(GlyXSer],. Another particularly preferred linker has the 
amino add sequence comprising 2 or 3 repeats of [(Ser)4Gly] such as [(Ser)4Gly], 

Nudeotide sequences encoding sudi linker moieties can be readfly provided using 
various oligonudeotide synthesis tedmiques known in the art &e, e,g., Sambrook, 
sipra. 

Tbc phrase "spedficaUy binds to a protein" or "specifically 
immunoreactive with", when referring to an antibody refers to a binding reaction whidi 
is determinative of the presence of the proton in the presence of a heterogeneous 
population of protdns and other biologies. Thus, under designated immunoassay 
conditions, the spedSed antibodies bind to a particular proton and do not bind in a 
significant amount to other protdns present in the sample. Spedfic binding to a prolan 
under sudi conditions may require an antibody that is sdected for its spedfidty for a 
particular protdn. Ftor example, C6 antibodies can be raised to the OHsrbB-2 protdn that 
bind c-erbB-2 and not to other protdns present in a tissue sample. A variety of 
immunoassay formats may be used to sdea antibodies spedfically immunoreactive with 
a particular protdn. For example, solid-phase ELBA immunoassays are routindy used 
to sdect monodonal antibodies spedfically immunoreactive with a protdn. See Harlow 
and Lane (1988) Antflxxiies, A Laboratory Manual. Cold Spring Harbor PubUcations, 
New York, for a description of immunoassay formats and conditions that can be used to 
determine specific immunoreactivity. 
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A chimeric molecule is a molecule in which two or more m lecules diat 
exist separately in their native state are joined together to form a single molecule having 
the desired fimctionaUty of all of its constituent molecules. While the chimeric molecule 
may be prq>ared by covalently linking two molecules each synthesized sqwratdy, one of 
sldU in the art wiU appreciate that where the chimeric molecule is a fusion protein, the 
chimera may be prepared de novo as a single "joined" molecule. 

n»e term "conservative substitution" is used in reference to proteins or 
pq)tides to reflect amino acid substitutions that do not substantially alter the activity 
(spedfidty or binding affinity) of the molecule. Typically conservative amino add 
substitutions involve substitution one amino add for another amino add with similar 
chemical properties (e.g, charge or hydrophobidty). The foUowing six groups each 
contain amino adds ihat are typical conservative substitutions for one anoflier: 



1) 


Alanine (A), Serine (S), Threonine (T); 


2) 


Aspartic add (D), Glutamic add (E); 


3) 


Asparagine (N), Giutamine (Q); 


4) 


Aiginine (R), Lyane (K); 


5) 


Isoleudne (I), Leucine (L), Methionine (M), Valine (V); and 


€) 


Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 




BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 illustrates the nuddc and amino add sequence of the C6 sFv 
antibody C6.5. 

Figure 2 shows the location of mutations in a light chain shuffled C6L1 
and heavy chain shuffled C6H2 sFv. Mutations are indicated as shaded spheres on the 
Co-carbon tracing of the Fv fragment of the immunoglobulin KOL (Manjuart et al. 
(1990). HI, H2, H3, LI, L2 and L3 refer to the V„ and antigen binding loops 
respectivdy. Mutations in C6L1 are all located in the domain with parental Vg 
sequence, mutations in C6H2 are aU located in the Vh domain with parental Vt 
sequence. C6L1 has no mutations located in a B-strand which forms part of the Va-Vi, 
interface. C6H2 has 2 conservative mutations located in the B-stiand formed by 
framework 3 residues. 

Figure 3 shows the locations of mutations in light chain shuffled sFv 
wMci spoataneousiy form dimeis. Mutations are iadicated as shaded sphttes on the &- 
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carbon tracing of the Fv fragment of the immunoglobulin KOL (Marquait et al., 1980) 
with the Vj, domain located on the left side of each panel. A=C6VLD; B=C6VLE; 
C=CdVLB; D=C6VLF. Each shuffled sFv has at least 1 mutation located in a fl-strand 
which forms part of the W^Wt, interface. 

Figure 4 illustrates tiie 72 hour biodistribution of a C6.5 diabody in SK- 
OV-3 tumor-bearing sdd mice. 



DETAILED DESCRIPTION 

This invention provides for novel human antibodies that specifically bind 
to the cxtraceUular domain of the c-erbB-2 protein product of the HER2/neu oncogene. 
The c-abB-2 marlcer is overQq)ressed by 30-50% of breast carcinomas and oth» 
adsiorardnomas and thus provides a suitable cell sur&ce marker for spedikally 
targeting tumor cells such as carcinomas. In contrast to previous known anti-cerbB-2 
antibodies, tiie antibodies of die present invention (deagnated herein as C6 antibodies) 
are fiilly human antibodies. Thus, administration of these antibodies to a human host 
elicits a little or no immunogenic response. 

Hiis invention additionally provides for chimeric molecules comprising the 
C6 antibodies of the present invention joined to an effector molecule. Hie C6 antibodies 
act as a "targeting molecule" that serves to specifically bind die chimeric molecule to 
cells bearing the c-erbB-2 marker thereby deUvering die effector molecule to the target 
cdl. 

An effector molecule tyirically has a characteristic activity that is desired 
to be deUvered to the target cell (e.g. a tumor overexpiessing c-eibB.2). Effector 
molecules include cytotoxins, labels, radionuclides, ligands, antibodies, drugs, Uposomes, 
and viral coat proteins tiiat render the virus csqnble of infecting a c-€rbB-2 expressing 
cdl. Once deUvered to tiie target, the effector molecule exerts its characteristic activity. 

For example, in one embodiment, where tiie effector molecule is a 
cytotoxin, die chimeric molecule acts as a potent ceU-killing agent qiedficaUy targeting 
tiie cytotoxin to tumor cells bearing the c-erbB-2 marker. Chimeric cytotoxins tiiat 
specifically target tumor cdls are weU known to tiiose of skill in tiie art (see, for 
example, Pastan et aL, Ann. Bev. Biochem., 61: 331-354 (1992)). 

Ill anotiier embodiment, tfie chimeric molecule may be used for detecting 
(Sis giB^ee ©r ^ssssq ©f 2-218? &^ m viw m m mtm w for loealizing twnor eels m 
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WW. These methods involve providing a chimeric molecule comprising an effector 
molecule, that is a detectable label attached to the C6 antibody. TTie C6 antibody 
specifically binds the chimeric molecule to tumor cells expressing the c-erbB-2 marker 
which are then marked by their association with the detectable label. Subsequent 
detection of the ceU-assodated label indicates the presence and/or location of a tumor 
ceU. 

In yet another embodiment, the effector molecule may be another specific 
binding moiety including, but not limited to an antibody, an antigen binding domain, a 
growthfiictor.oraligand. Hie chimeric molecule wiU then act as a highly specific 
bifiinctionallinker. This linker may act to bind and enhance the interaction between cells 
or ceUular components to which the chimeric proton binds. Thus, for example, where 
the "effector" component is an anti-recepiDr antibody or antibody ftagment, the C6 
antibody component spedficaUy binds c-erbB-2 bearing cancer cells, while the effector 
component binds receptors (fi.g.. IL-2, ID4, Fcyl, FcyH and Fcyin receptors) on the 
surfece of immune cdls. Tlie chimeric molecule may thus act to enhance and direct an 
immune response toward target cancer cdls. 

Li still yet another embodiment the effector molecule may be a 
pharmacological agent (e.g. a drug) or a vehide containing a pharmacological agent 
Tliis is particularly suitable where it is merdy desired to invoke a non-letfaal biological 
response. TTms the C6 antibody lecqrtor may be conjugated to a drug sudi as 
vinblastine, vindesine, mdphalan, N-Acetylmdphalan, methotrexate, aminopterin. 
doxirubidn, daunorubidn, genistdn (a tyrosine kinase inhibitor), an antisense molecule, 
and other pharmacological agents knoWn to those of skill in the art, thereby specifically 
targeting the pharmacological agent to tumor cdls expressing <>«rbB-2. 

Altemativdy, the C6 antibody may be bound to a vehide containing the 
therapeutic composition. Sudi vdiicles indude. but are not limited to Uposomes, 
micelles, various synthetic beads, and the like. 

One of skill in the art will appredate that the chimeric molecules of the 
present invention optionally indudes multiple targeting moieties bound to a single 
effector or conversdy, multiple effector molecules bound to a single targeting moiety. In 
still other embodiment, the chimeric molecules indudes both multiple targeting moieties 
and multiple effector molecules. TTius, for example, this invention provide for "dual 
eaiget^^ eytotoxie sMmeiie mokcules in which the C6 antibody is attached to a 
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cytotoxic molecule whUe another molecule {e.g. an antibody, or another ligand) is 
attached to the other terminus of the toxin. Such a dual-targeted cytotoxin might 
comprise, e.g. a C6 antibody substituted for domain la at the amino terminus of a PE 
and anti.TAC(Fv) inserted in domain m. Other antibodies may also be suitable effector 
molecules. 



1. Prepflnition of Cti 

The C6 antibodies of this invention are prepared using standard techniques 
weU known to those of sldll in the art in combination with the polypeptide and nucleic 
add sequences provided herein. Tl»e polypq)tide sequences may be used to determine 
mtopnzte nuddc add sequences encoding the particular C6 antibody disdosed thereby. 
n»e nuddc add sequence may be ootimiMd to reflect jarticular codcn "prefaaices- for 
various eq»ession systems according to standard methods wdl known to those of skill in 

theart. Altemativdy, the nucldc add sequences provided herein may also be used to 
express C6 antibodies. 

Using the sequence information provided, the nucleic adds may be 

synthesized accordii« to a number of standard methods known to those of skin in to^ 
Oligonudeotide synthesis, is preferably carried out on commerdally available solid phase 
oligonudeotide synthesis madiines (Needham-VanDevanter et al. (1984) Nucleic Adds 
Ses. 12:6159^168) or manually synthesized using the soUd phase phosphoramidite 
triester method described by Beaucage et. al (Bcaucage et. al. (1981) Tetrahedrvn Letts 
22(20): 1859-1862). 

Once a nuddc add encoding a C6 antibody is synthesized it may be 
amplified and/or doned according to standard methods. Molecular doning techniques to 
adiieve these ends are known in the art A wide variety of doning and in 
amplification methods suitable for the construction of recombinant nuddc adds, e.g., 
encoding C6 antibody genes, are known to persons of skill. Examples of these' 
todmiques and instructions suffident to direct persons of skill through many doning 
exerdses are found in Berger and Kimmd. Guide to Molecular doning Techniques, 
Methods in Enzymology volume 152 Academic Press, Inc., San Diego, CA (Berger); 
Sambrook et al. (1989) Molecular Ooning - A Labonuory Manual (2nd ed.) Vol. 1-3, 

Cold Spring Harbor Juratory, Cold Spring Harbor Press. NY, (Sambrook); and 

Qmm Fmtemls m miemlm Bmhg^, IF.M. AusiiM et M., eds., Cunent Protocols, a 
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joint venture between Greene Publishing Associates, Inc. and John Wiley & S ns. Inc., 
(1994 St^lement) (Ausubd). Methods of producing recombinant immunoglobulins are 
also known in the art See, Cabilly, U.S. Patent No. 4,816,567; and Queen et d. (1989) 
Proc. Nat'lAcad. Sci. USA 86: 10029-10033. 

Examples of tedmiques sufficient to direct persons of skill through in vitro 
amplification metiiods, including the polymerase chain reaction (PGR) the ligase chain 
reaction (LCR), (2/3-Teplicase amplification and other RNA polymerase mediated 
techniques are found in Beiger, Sambrook, and Ausubd, as well as Mullis et al. , (1987) 
U.S. Patent No. 4,683,202; PCR Protocols A Guide to Methods and Applications (Innis 
et aJ. eds) Academic Press Inc. San Diego, CA (1990) (Innis); Arahdm & Levinson 
(October 1, 1990) C4iEN 3fr47; The Journal Of MR Research (1991) 3, 81-94; (Kwoh 
et aL (1989) Proc. Natl Acad. Sci. USA 86, 1173; GuaHsOi et al. (1990) Proc Natl. 
Acad. Sd. USA 87, 1874; LomeU et al. (1989) J. din. Chm 35, 1826; Landegien et 
aL, (1988) Science 241, 1077-1080; Van Brunt (1990) Biotechnology 8, 291-294; Wu 
and Wallace, (1989) Gene 4, 560; and Baiiinger et al. (1990) Gene 89, 117. Improved 
methods of doning in vitro amplified nuddc adds are described in Wallace et al., U.S. 
Pat No. 5,426,039. 

Once the nuddc add for a C6 antibody is isolated and doned, one may 
express the gene in a variety of recombinantty engineered cells known to those of skill in 
the art. Examples of such cdls indude bacteria, yeast, filamentous fun^, insect 
(especially employing baculoviral vectors), and mammalian cdls. It is expected that 
diose of skin in the art are knowledgeable in the numerous expression systems available 
for expression of C6 antibodies. 

In brief summary, the expression of natural or synthetic nuddc adds 
encoding C6 antibodies will typically be achieved by qperably linking a nuddc add 
encoding the antibody to a promoter (which is other constitutive or indudble), and 
incorporating tiie construct into an expresaon vector. The vectors can be suitable for 
replication and integration in prokaryotes, eukaryotes, or both. Typical doning vectors 
contain transcription and translation terminators, initiation sequences, and promoters 
usefiil for regulation of tiie cjqwession of die nuddc add oicoding the C6 antibody. The 
vectors optionally comprise generic ejqwession cassettes containing at least one 
isaepenim terminator sequeice, sequeiees permitting n^Heation ®f tiie rassette k teSa 
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eukary tes and prokaiyotes, i.e., shuttle vectors, and selection markers for both 
prokaiyotic and eukaiyotic systems. See Sambiook. 

To obtain high levels of expression of a cloned nucleic add it is common 
to construct expression plasmids which typically contain a strong promoter to direct 
transcription, a ribosome binding site for translational initiation, and a 
transoiption/translation terminator. Examples of regulatory regions suitable for this 
purpose in E. cott are the promoter and operator r^on of the £. cott tryptophan 
biosynthetic pathway as described by Yanofsky, C, 1984, /. Baaeriol., 158:1018-1024 
and the leftward promoter of phage lambda (PJ as described by Herskowitz and Hagen, 
1980, Am. Rev. Genet., 14:399-445. Tba inclusion of selection markers in DNA 
vectors transformed in £ ooff is also useful. Examples of such markers include genes 
sped^rfng resistance to ampicillin, tetracycline, or chioramphenicoi. See Sambrook for 
details concerning selection markers, e.g., for use in E. coU. 

Expression systems for o^resang C6 antibodies are available uang E. 
coU, Bacmus sp. (Palya et aL (1923) Gene 22:229-235; Mosbach et al.. Nature, 
302:543-545 and SdbnoneUa. E. coU systems are pi^ened. 

The C6 antibodies produced by prokaryotic cells may require exposure to 
chaotrqpic agents for proper folding. During purification ftom, e.g.. R eoU, the 
expressed protein is optionaUy denatured and then renatured. This is accomplished, e.g., 
by solubilizing the bacteriaUy produced antibodies in a cfaaotropic agent such as 
guanidineHQ. The antibody is then renatured, either by slow dialysU or by gd 
filtration. See. U.S. Patent No. 4,511,503. 

Methods of transfecting and expressing genes in mammalian cells are 
known in the art. Transducing cells with nucleic adds can involve, for example, 
incubating viral vectors containing C6 nuddc adds with cdls within the host range of 
the vector. See, e.g.. Methods in Enzymology, vol. 185, Academic Press, Inc.. San 
Diego, CA (D.V. Goeddd, ed.) (1990) or M. Kricger, Gene Trantfer and Expression - 
A Laboratory Manual, Stockton Press, New York, NY, (1990) and the references dted 
therein. 

Hie culture of cdls used in the present invention, induding ceU lines and 
cultured cdls ftom tissue or blood samples is wdl known in the art. Freshney (CWmn; 
of Animal Cells, a Manual of Basic Tedadque, Mrd edition Wiley-Uss, New York 
p994)) and tte references dted therdn provides a goieral guide to the culture of cdls. 
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Techniques for using and manipulating antibodies are found in Coligan 
(1991) Current Protocols in Immunology Wiley/Greene, NY; Harlow and Lane (1989) 
Antibodies: A Laboratory Manual Cold Spring Haibor Press, NY; Stites et aJ. (eds.) 
Basic and ClinicaJ Immunology (4th ed.) Lange Medical PubUcations, Los Altos, CA, 
and references cited therein; Coding (1986) Monoclonal Antibodies: Principles and 
Practice (2d ed.) Academic Press, New York, NY; and Kohler and Milstein (1975) 
Nature 256: 495-497. C6 antibodies which are specific for c^rbB-2 bind C'erbB'2 and 
have a Kd of l/iM or better, with preferred embodiments having a of 1 nM or better 
and most preferred embodiments havii^ a Kq of 0.1 nM or better. 

In a preferred embodiment the C6 antibody gene (e.^. C6.5 sFv gene) is 
subdoned into the e^nession vector pUC119Sfi/NotHismyc, which is identical to the 
vector described by Griffiths et oL. EMBO J., 13: 3245-3260 (1994), (except for the 
elimination of an XBal restriction site). This results in the addition of a hexa-histidine 
tagatflieC-terminalendoftiiesFv. A pHEN-1 vector DNA containing tiie C6.5 sFv 
DNA is picpaied by allealine lysis miniprq), digested with Ncol and NotI, and the sFv 
DNA purified on a 1.5% agarose gel. The C6 sFv DNA is ligated into 
pUC119Sfil/Notlffismyc digested wiUi Nool and NoO and the ligation mixture used to 
transform dectiocompetent ELcott HB2151. For expression, 200 ml of 2 x TY media 
containing 100 mg/ml ampidllin and 0.196 glucose is inoculated witii E.cott HB2151 
harboring tiieC6 gene in pUC119Sfil/NotlHismyc. Hie culture is grown at 37'C to an 
A600 nm of 0.8. Soluble sFv is expression induced by the addition of IPTC to a final 
concentration of 1 mM, and tiie culture is grown at 30 • C in a shalcer flask oveniighL 

The C6 sFv may tiien be harvested from the periplasm using die following 
protocol: Cells are harvested by centrifugation at 4000 g for 15 min, resuspended in 10 
ml of ice cdd 30 mM Tris-HQ pH 8.0, 1 mM EDTA, 20 % sucrose, and incubated on 
ice for 20 minutes. The bacteria are tiien peUeted by centrifugation at 6000 g for 15 
min. and the "periplasmic ftaction' cleared by centrifugation at 30,000g for 20 min. 
The supernatant is tiien dialyzed overnight at 4''C against 8 L of IMAC loading buffer 
(50 mM sodium phosphate pH 7.5, 500 mM NaQ, 20 mM imidazole) and tiien filtered 
tiirough a 0.2 micron filter. 

In a preferred embodiment, die C6 sFv is purified by IMAC. All steps 
are performed at 4'C. A column containing 2 ml of Ni-NTA resin ((Jiagei) is washed 

^ 2d tai IMAC mmm wash buffer (50 mM sodium phosphate pH XS, SOO mM 
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Nad, 250 mM imidazole) and 20 ml of IMAC loading buffer. The periplasmic 
pnqjaradon is then loaded onto the column and the column washed sequentially with 50 
ml IMAC loading buffer and 50 ml IMAC washiAg bufifer (50 mM sodium phosphate pH 
7.5, 500 mM NaQ, 25 mM imidazole). Protein was eluted with 25 ml IMAC dution 
buffer (50 mM sodium phosphate pH 7.5, 500 mM NaQ, 100 mM imidazole) and 4 ml 
fractions collected. The C6 antibody may be detected by absoibance at 280 nm and sFv 
fraction duted. To remove dimeric and aggregated sFv, samples can be concentrated to a 
volume < 1 ml in a Centiicon 10 (Amicon) and fitactionaled on a Supeidex 75 column 
using a running buffer of HBS (10 mM Hepes, 150 mM NaCl, pH 7.4). 

The purity of the final preparation may be evaluated by assaying an aliquot 
bySDS-PAGE. The protdn bands can be detected by Coomassie staining. Hie 
concentration can then be determined qjectrophotometrically, assuming thai an Aj«, nm 
of 1.0 eonesponds to an sFv concentration of 0.7 mg/ml . 

n. Modifinrtlnnnfrit A«*ffrfflTK 

A) PfephY fff nntlhortY fragmpnts on Ihe mrfao «f f T arterinnhBpp fp T,flpf 
display) . 

Display of antibody fragments on the surface of viruses which infect 
bacteria (bacteriophage or phage) malces it possible to produce human sFvs with a wide 
range of affinities and kinetic characteristics. To display antibody ftagments on the 
surfece of phage (phage display), an antibody fragment gene is inserted into the gene 
encoding a phage surfiioe protein (pTH) and the antibody fiagment-pin fusion protein is 
expressed on the phage surface (McCafiferty et al (1990) Nature, 348: 552-554; 
Hoogenboom a al. (1991) NudOc Adds Ees., 19: 4133^137). For example, a sFv 
gene coding for the Vh and domains of an anti-lysozyme antibody (DL3) was inserted 
into the phage gene m resulting in the production of phage with the DI.3 sFv joined to 
the N-terminus of pIH thereby producing a "fusion" phage capable of binding lysozyme 
(McCafferty et al. (1990) Nature, 348: 552-554). 

Since the antibody fragments on the surface of the phage are functional, 
phage bearing antigen binding antibody fragments can be sqiarated from non-binding or 
lower affinity phage by antigen affinity chromatogr^hy (McCafferty et al. (1990) 
Nature, 348: 552-554). Mixtures of phage are allowed to bind to the afBnity matrix, 
ESE^jkdkg er lower amaity piiage qiq imim&i hj washing, md bound phage are eiuted 
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by treatment with add or alkaU. Dqxading on the affinity of the antibody fragment, 
enrichment factors of 20 fold-1, 000,000 fold are obtained by single round of affinity' 
selection. By infecting bacteria with the duted phage, however, more phage can be 
grown and subjected to another round of selection. In this way, an enrichment of 1000 
fold in one round becomes 1,000,000 fold in two rounds of selection (McCafferty et al. 
(1990) Nature. 348: 552-554). Thus, even when enrichments in each round are low 
(Maries et al. (1991) /. Mol Biol . 222: 581-597). multiple rounds of affinity selection 
leads to the isolation of rare phage and the genetic material contained within which 
encodes the sequence of the binding antibody. The physical link between genotype and 
phenotype provided by phage display makes it possible to test eveiy member of an 
antibody fiagment library for bindiiig to antigen, even with libraries as large as 
100,000,000 clones. For example, after multiple rounds of selection on antigen, a 
binding sFv that occuned with a ftequency of only 1/30,000,000 clones was metered 
(Marks et al. (1991) J. Mol Biol, 222: 581-597). 

AnalysU of binding is simplified by including an amber codon between the 
antibody fiagment gene and gene m. IWs makes U possible to easily switch between 
displayed and soluble antibody fragments simply by changing the host bacterial strain. 
When phage are grown in a supE suppresser strain of £L coB, the amber stop codon 

between the antibody gene and gene m is read as ghitamine and the antibody fiagment is 
displayed on the surface of the phage. When duted phage are used to infect a 
non-supressor strain, the amber codon is read as a stop codon and soluble antibody is 
secreted fiom the bacteria into the periphism and culture media (Hoogenboom et al. 
(1991) Nucleic Adds Ees.. 19: 4133^1137). Binding of soluble sFv to antigen can be 
detected, e.g., by EUSA using a murine IgG monodonal antibody {e.g., 9H0) whidi 

recognizes a C-terminalmyc peptide tag on the sPv (Evan (1985) Afo/. CeUBiol. 
5: 3610-3616; Mumo et al. (1986) Cell. 46: 291-300), e.g.. followed by incubation wiii 
polyclonal anti-mouse Fc conjugated to horseradish peroxidase. 

P) rhflgg dlSfflav can be used fn Inir p ase iinfnin,^Y B^r'tT. 

To create higher affinity antibodies, mutant sFv gene rqxsrtories, based on 
the sequence of a binding sFv, are created and e)q)ressed on the surface of phage. 
Higher affinity sFvs are sdected on antigei as described above and in Samples I aid 2. 
Oae approadi im creating mutant sFv gene i^>ertoires has been to replace dther the V 
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or Vl gene from a binding sFv with a repertoire of nonimmune V„ or genes (chain 
shuffling) (Caackson et al. (1991) Nature, 352: 624-628). Such gene itpertoires contain 
numerous variable genes derived from the same gennline gene as the binding sFv, but 
with point mutations (Marks et al. (1992) Bio/Technology, 10: 779-783). Using light 
chain shuffling and phage display, the binding avidities of a human sFv antibody 
fragment can be dramatiacUy increased. See, e.g., Marks et al. Bio/Tedmohgy, 10: 
779-785 (1992) in which the affinity of a human sFv antibody fragment which bound the 
hapten phenyloxazolone (phox) was increased ftom 300 nM to 15 nM (20 fold) (Marks et 
al. (1992) Bio/Tedvu>hgy, 10: 779-783). 

Q IsqMqti and rliaracterization of C6.S. a h..mq n sFv which Wn«^ 

Isolation and characterization of C6.5 is described in detafl in the 
Exanqdes below. Human sFvs which bound to c-crbB-2 were isolated by sdecting the 
nonimmune human sFv phage antibody library (described in Example 1) on c-eri)B-2 
extracdlular domain peptide immobilized on polystyrene. After five rounds of selection, 
45 of 96 clones analyzed (45/96) produced sFv which bound c-erb-B2 by ELISA. 
Restriction fragments analysis and DNA sequencing revealed the presence of two unique 
human sFvs, C4 and C6.5. Both of these sFvs bound only to c-crbB-2 and not to a 
panel of 10 irrelevant antigens. CeU binding assays, however, indicated that only C6.5 
bound c-erb-B2 expressed on cells, and thus this sPv was selected for further 
diaracterization. 



To fedUtate purification, the C6.5 sFV gene was subdoned into the 
expression vector pUC119 Sfi-NotmycHIS which results in the addition of the myc 
pqrtide tag followed by a hexahistidine tag at the C-terminal end of the sFv. The vector 
also encodes the pectate lyase leader sequence which directs expression of the sFv into 
the bacterial periplasm where the leader sequence is cleaved. This makes it possible to 
harvest native properly folded sFv directly from the bacterial periplasm. Native C6.5 
sFv was expressed and purified from the bacterial supernatant using immobilized metal 
affinity chromatography. Hie yield after purification and gd filtration on a Superdex 75 
©slasEa m.5 sg/L. aaiibodies smy be purified ia a simiiar manner. 
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m MeagiremAfi^ of C6.S affinifv fft|- f-frtTft-2, 

As e^lained above, selection for increased avidity involves measuring the 
affinity of a C6 antibody (e.g. a modified C6.5) for c-erbB-2. Methods of making such 
measurements are described in detaU in Examples 1 and 2. Briefly, for example, the K, 
of C6.5 and the kinetics of binding to c-eibB-2 were determined in a BIAcore, a 
biosensor based on surface plasmon resonance. For this technique, antigen is coupled to 
a derivatized sensor chip capable of detecting changes in mass. When antibody is passed 
over the sensor chip, antibody binds to the antigen resulting in an increase in mass which 
is quantifiable. Measurement of the rate of association as a function of antibody 
concentration can be used to calculate the association rate constant (k;J. After the 
association phase, buffer is passed over the chip and the rate of rfkcnriahVin of antibody 
(1^ determined-. Rate constant is typically measured in die range 1.0 x IS* to 5.0 x 
10* and k.(, in the range 1.0 x ia» to 1.0 x 10*. Hie equilibrium constant K< is often 
calculated as k^/k- and thus is typically measured in the range lO"' to lO"". Affinities 
measured in this manner correlate weU with affinities measured in solution by 
fluorescen c e quench titration. 

F> Affinftv of C6.S for r-Prf^H.?. 

The kinetics of binding and affinity of purified C6.5 were determined by 
BIAcore and the results are shown in Table 2. The of 1 . 6 x 10* M determined by 
BIAcore is in dose agreement to the K< determined by Scatchard analysis after 
radioiodination(2.0xlO* M). C6.5 has a n^nd k«, and a relatively i^id k*. The 
rapid koff correlates with the i« v&w measurement that only 22% of an injected 
retained on the sur^ of SK-OV-3 cells after 30 minutes. Btodistribution of C6.5 was 
determined and the percent injected dose/gm tumor at 24 hours was 1.1% with 
tumor/organ ratios of 5.6 for kidney and 103 for bone. TTiese values compare favorably 
to values obtained for 741F8 sFv. 741F8 is a monoclonal antibody capable of binding c- 
eibB-2 (see, e.g., U.S. Patent 5,169,774). TTie K< of 741F8 was also measured by 
BIAcore and agreed with the value detwmined by scatchard analysis (Table 1). 
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Tabte 1 Chaiacterizaticm of anti-ceii>B-2 sl^ Characteristics of the murine 

anti-CHerbB-2 sFv, 741F8, and the human sFv C6.5 arc compared. The affinity and 
dissociation constants were determined by Scatchaid plot analysis, unless othoivise 
stated. Dissociation from c-cri)B-2 positive (SK-OV-3) cells was measured in an in vitro 
live cell assay. Tbt percentage of injected dose per gram (96ID/g) tumor and tumor to 
organ ratios were determined in biodistribution studies performed in separate groups of 
sdd mice (n= 10-14) bearing SK-OV-3 tumors overexpressing c-erbB-2. SEM arc 
<3596 of the associa t ed values, a « significantly improved (p<0.05) comparcd to 
741F8 sFv. 



Parameter 


741FS 




(AiAcorc^ 


2.6x10^ M 


1.6x10* M 




5.4x10* M 


2. 1x10* M 




2.4x10' M *s * 


4,0x10' M*' r* 




0.4x10^ ST* 


6.3x10^ 


15 min 


32.7% 


60.6% 


% associated with cell surface at 
wu mm 


8.6% 


22.2% 


%JD/g Tumor 


0.8 


1.0 


T:Blood 


14.7 


22.9 


T:Kidn^ 


2.8 


5.6a 


T:Liver 


14.2 


22.3 


T:Spleen 


10.3 


34.1 


T:&itestine 


25.0 


29.7 


T:Lung 


9.4 


15.8 


T:Stomach 


8.9 


11.1 


T:Muscle 


78.8 


158.7 


TrBone 


30.0 


102.7 



These results show tfiat a human sFv which binds q)ecifically to c-erbB-2 
with moderate affinity was been produced. The sFv aqnesses at high level in E. coli as 
native sFv, and can be easily purified in high yield in two steps. Techniques are known 
for the rapid and effidenfly purification of sFv from the bacterial periplasm and to 

E£aiS'js3 aSSaiJy wit^s-i2 fc labeiiiig. 
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G) Estiinatinp the affinitY of unmirififif sFv for 

Phage display and selection generally results in the selection of higher 
affinity mutant sFvs (Marks et al (1992) Bio/Technology. 10: 779-783; Hawkins et al. 

(1992) /. Mol. Biol 226: 889-896; Riechmann et al. (1993) Biochemistry. 32: 8848- 
8855; Oackson et al. (1991) Nature, 352: 624-628), but probably does not result in tiie 
separation of mutants with less than a 6 fold difference in affinity (Riechmann et al. 

(1993) Biochemistry. 32: 8848-8855). Ihus a rapid method is needed to estimate the 
relative affinities of mutant sFvs isolated after selection. Since increased affinity results 
primarily from a reduction in tiie k^, measurement of should identify higher affinity 
sFv. k^can be measured in tiie BLkcore on unpurified sFv in bacterial periplasm, since 
ejq)ression levels are high enough to give an adequate binding signal and k;^ is 
independent of concentration. The value of 1^^ for peripiasmic and purified sFv is in 
dose agreement (Table 2). 



Table 2. Comparison of k;^ determined on sFv in bacterial periplasm and after 
purification by IMAC and gd filtration. 



sFv 


k-r(s-') 


C6-5 poiplasm 


5.7 X 10* 


C6-5 purified 


6.3 X 10* 


C6-5ala3 periplasm 


9.3 X 10» 


C6-Sala3 purified 


1.5 X 10-' 


C6-5a]al0 periplasm 


3.7 X 10* 


C6-5a]al0 purified 


4.1 X 10* 



Ranking of sFV by k^, and hence rdative affinity, can be determined 
witiiout purification. Determination of rdative affinity without purification significanfly 
increases tiie rate at which mutant sFv are characterized, and reduces tiie number of 
mutant sFv subcloned and purified which do not show improved binding characteristics 
over C6.5 (jee results of light chain shuffling and randomization bdow). 

H) Increasing the affinttv of rn..^ hy rimfninp 

To alter the affinity of C6.5, a mutant sFv gene rq)ertoire was created 
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The sFv gene rq)ertoire was cloned into the phage display vector pHEN-1 (Hoogenboom 
et al. (1991) Nucleic Acids Res., 19: 4133^137) and after transformation a library of 2 x 
10* tiansfonnants was obtained. Phage were prqxired and concentrated as described in 
Exaniple 1 or 2. 

Selections were performed by incubating the phage with biotinylatcd 

c-eibB-2 in solution. Hie antigen concentration was decreased each round, reaching a 

concentration less than the desired by the final rounds of selection. This results in the 

sdectionofphagconthebasisof affinity (Hawkins cTfl/. (1992) J. Mol BioL 226: 

889-896). After four rounds of selection, 62/90 clones analyzed produced sFv which 

bound c-crbB-2 by EUSA. Single chain Fv was expressed from 48 EUSA positive 

clones (24 from the 3rd round of selection and 24 ftom the 4th round of selection), ttie 

periplasm, harvested, and Ae sFv k-- determined by BIAcore. Single-chain Fvs were 

identified with a three times slower than C6.5. The light chain gene of 10 of these 

sFvs was sequenced. One unique light chain was identified, C6LL This sFv was 

subdoned into the hexahistidine vector, and ciqiressed sFv purified by IMAC and gd 

filtration. A£Bnity was determined by BIAcoie CIU)le 3). 

Tables. Affinity and kinetics of binding of C6.5 light and heavy chain shuffled m 
sFv. 



sFv clone 


K,(M) 


(M-> s->) 




C6.5 


1.6 X 10* 


4.0x10* 


6.3 X 10» 


C6L1 (light chain shuffle) 


2.6x10* 


7.8 X 10* 


2.0 X 10* 


C6VHB-4 (heavy diain shuffle) 


4.8 X 10* 


1.25 X 10« 


6.0 X 10^ 


C6VHC (heavy chain shuffle) 


3.1 X 10* 


8.4 X 10* 


2.6 X 10* 



For heavy chain shuffling, the C6.5 VH CDR3 and light chain were 
cloned into a vector containing a human VH gene rqwtoire to create a phage antibody 
library of 1 x 10* transfoimants. Selections were performed on biotinylated c-cibB-2 and 
after four rounds of selection, 82/90 clones analyzed pioduced sFv which bound c-ert)B-2 
by EUSA- sFv was expressed from 24 EUSA positive clones (24 ftom the 3rd round of 
selection and 24 from the 4th round of selection), the periplasm harvested, and the sFv 
koB determined by BIAcore. Two clones were identified which had slower k.^ than C6.5 
(C6VHB-4 and C6VHC-4), ^tb of were saWomaSj pmififid„ and affmlfes 
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determined by BlAcore CTable 3). The affinity of C6.5 was increased 5 fold by heavy 
chain shuffling and 6 fold by light duiin shuffling. 

D Increastnff the nffinitY of CS-S hv rite din^o d mutagpn^Kic of thi> thira 

CPRoftheliphtrhnin 

The majority of antigen contacting amino add side chains are located in 
die complementarity determining regions (CDRs), three in the Vh (CDRl, CDR2, and 
CDR3) and fliree in the Vl (CDRl, CDR2, and CDR3) (Chodiia et al. (1987) J. Mol 
Biol, 196: 901-917; Chothia et al. (1986) Sdaice, 233: 755-8; Nhan et al (1991) /. 
Mol Biol, 217: 133-151). These residues contribute the majority of binding energetics 
responsible for antibody afifinity for antigen. In other molecules, mutating amino adds 
which contact Ugand has b^ shown to be an efBective means of increasing the afnniiy 
of one protein molecule for its binding partner (Lowman et al (1993) /. Mol Biol, 234: 
564-578; Wdls (1990) Biochenustry, 29: 8509-8516). Thus mutation (randomization) of 
the CDRs and screening against c-eibB-2 may be used to generate C6 antibodies having 
improved binding afGnity. 

For cxanqile, to increase the afSnity of C6.5 for c-erbB-2, nine amino 
add residues located in VL CDR3 (residues 89-95b, numbering according to Kabat et al. 
(1987) «(prB.; Table 2). were partially randomized by synthesizing a 'doped* 
oligonucleotide in which the wild type nudeotide occurred with a ftequency of 49%. 
The oligonucleotide was used to amplify die remainder of die C6.5 sFv gene using PCR. 
The resulting sFv gene tcgctUAtc was doned into pCANTABSE (Pharmacia) to create a 
phage antibody library of 1 x lO' transfonnants. The mutant phage antibody library was 
designated C6VIjCDK3. 

Selection of die C6.5 mutant VL CDR3 library (C6VLCDR3) was 
performed on biotinylated c-eibB-2 as described above for light chain shuffling. After 
tiiree rounds of selection 82/92 dones analyzed produced sFv which bound c-crbB-2 by 
ELBA and after 4 rounds of sdection, 92/92 dones analyzed produced sFv which bound 
c-erbB-2. Single-chain Fv was expressed from 24 ELISA positive dones ftom die 3rd 
and 4th rounds of selection, die periplasm harvested, and die 1^^ determined by BlAcore. 
Hie best dones had a krfrapproximatdy 5 to 10 times slower diantiiat of C6.5. The 
Ught chain genes of 12 sFvs wid» die slowest 1^ times ftom die 3rd and fourdi round of 
ag^^ea were scqumeed aa^ eadi unique sFv subdoned into pUCH9 Sfi-Notmycffis. 
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Single-chain Fv was expressed, purified by IMAC and gel filtration, and sFv affinity and 
binding kinetics detennined by BIAcorc CTable 4). Mutant sFv weie identified with 16 
fold increased affinity for c-erbB-2. 



Table 4. Amino add sequence, affinity, and binding kinetics of sFv isolated from a 
library of C6.5 mutants. Table identified mutants isolated after tiie third and fourth 
rounds of selection. Hie entire VL CDK3 of C6.5 is shown witii the residues subjected 
to mutagenesis (89-95b) underlined. Sate constants ^ and were measured on 
purified and gd filtered sFv by SPR in a BIAcore and the Kd calculated. Ahyphen"-" 



sFv clone 


Vj, CDR3 
sequence 




Kn iM"l 8- 


6.3 X 10"3 


Co. 5 


8 9 9 

9 Sab 7 

AAWDDSLSeWV 


1.6 X 10"® 


4.0 X 10^ 


3rd Round < 


»f seleetioB: 






C6ML3-5 




3.2 X 10"' 


5.9 X 10^ 


1.9 X 10"^ 


C6ML3-2 




2.8 X 10"' 


7.1 X 10^ 


2.0 X 10"^ 


C6ML3-6 




3.2 X 10-' 


5.9 X 10^ 


1.9 X 10-3 


C6ML3*1 


y— W 


6.7 X 10"' 


3.0 X 10* 


2.0 X 10*3 




-T— YA 


4.3 X 10"' 


4.6 X 10* 


2.0 X 10"3 




YAV 


2.6 X 10"' 


6.5 X 10* 


1.7 X 10-3 


C6HL3-4 


-S-EY— W 


3.5 X 10"' 


4.0 X 10* 




4tli Reuad e 


If aeleetioB: 






C6ML3-12 




1.6 X 10"' 


4.5 X 10* 


7.2 X 10-* 


C6HL3-9 


-S~YT 


1.0 X 10"' 


6.1 X 10* 


9.2 X 10-* 


C6ML3-10 


— -E-PWY— 


2.3 X 10"' 


6.1 X 10* 


1.4 X 10-3 


C6HL3-11 


YA-W 


3.6 X 10"' 


6.1 X 10* 


2.2 X 10-3 


C6KL3-13 


^AT-W 


2.4 X 10"' 


8.7 X 10* 


2.1 X 10*3 


C6ML3-8 


HLRW 


2.6 X 10"' 


6.5 X 10* 


1.7 X 10-3 


C6HL3-23 


-S— -H— W 


1.5 X 10"' 


6.7 X 10* 


1.7 X 10"3 


C6ML3-19 


-S — ^RP-W 


1.5 X 10"' 


6.7 X 10* 


1.0 X 10"3 


C6HL3-29 


— ~GT-W 


2.7 X 10"' 


12.9 X 10* 


2.2 X 10-3 


C6HL3-15 


^RP-W 


2.2 X 10"' 


5.9 X 10* 


1.3 X 10-3 








7ol K 1®^ " 
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Partial land mization of a single CDR (V^ CDR3) resulted in the creation 
of mutant sFvs with 16 fold higher affinity for c-erbB-2, indicating that CDR 
randomization is an effective means of creating higher affinity sFv. The results also 
show that the method of selecting and identifying higher affinity sPv by reducing soluble 
antigen concentration during selections and screening periplasms by BIAcore prior to 
sequencing, subdoning and purification provides an effective way to isolate high affinity 
antibodies. 



J) Creation of r■(i^ W) , (sFy), hcrniodlmer^ i.nd .tr^ nn .r,^^ 

binding ^^hPtln f pr eerhll.^. 

To create C6 (sFv*), antibodies, two C6 sFvs are joined through a 
disulfide bond, or linter(e.^., a carbon linker) between the two cy^^ TocreateC6 
(sFv),, two C6 SFv are joined direcfly through a peptide bond or through a peptide 

linker. Thus, for example, to create disulfide linked C6.5 sFv\ a cysteine residue was 
introduced by site directed mutagenesis between the myc tag and he» 
carboxy-terminus of C6.5. Introduction of the correct sequence was verified by DNA 
sequencing. The constnict is in pUCl 19. the pdB leader directs expressed sFv' to the 
periplasm and cloning sites (Ncol and Notl) exist to introduce C6.5 mutant SFv' Hiis 
vector is called pUC119/C6.5 mycCysHis. Expressed sFV has the myc tag at the 
C-terminus. followed by 2 glycines, a cysteine, and then 6 histidines to fiuaUtate 
purification by IMAC. After disulfide bond formation between the two cysteine 
residues, the two SFv' are sqarated ftom eadi other by 26 amino ^ 

add myc tags and 4 glycines). An SFv' was expressed fiom this constnict, purified by 
IMAC. and analyzed by gd filtration. The majority of the sFV was monomeric. To 

produce (sFv'),dimers. the cystdne was reduced by incubation with 1 MM 
beta-mercaptoethanol. and half of the sFV blodced by the addition of DTNB. Blodced 
and unblodced sFVs were incubated together to form (sFv'), and the resulting material 
analyzed by gd filtration. 50% of the monomer was converted to (sFV), homodimer as 
<Ietermined by gd filtration and nonredudngpolyacrylamidegddectK^ n,e 
affinity of the C6.5 sFv' monomer and (sFv')2 dimer were determined by BIAcore 
CTable 5). The apparent affinity (avidity) of C6.5 increases 40 fold when converted to 
an (sFv')2 homodim». 
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Table 5. AfSnides and binding kinetics of C6.5 &Fv and C6.S (sFv'),. 



Qone 


K4(M) 


k.(M«s>) 




C6.S monomer 


1.6 X 10* 


4.0 X 10* 


6.3 X 10* 


C6.S dimer 


4.0 X 10-" 


6.7 X 10* 


2.7 X 10* 



The C6.5 (sFv')j exhibits a significant avidity effect compared to the sFv. 
Thus, this qjproach increases antibody fitagment afSnify, while remaining below the 
renal threshidd for ocretion. 

In a particularly prefened embodiment, die (sFv), dimer is ejqnessed as a 
diabody (Holliger et d. (1993) Proc. NatL Acad. Sd. USA, 90: 6444-6448; and WO 
94/13804). This yields a bivalent mdecule consisting of two C6.5 sFv polypq)tide 
chains, since the VH and VL on the same peptide chain cannot pair. The production of 
a pq)tide linked C6.5 diabody is described in Example 5, bdow. In this example, the 
pqitidelinkiar sequence between the VH and VL domains was shortened fiom 15 amino 
adds to 5 amino adds. Synthetic oligonucleotides encoding the 5 amino add linker 
(G4S) were used to PGR amplify the C6.5 Vg and V^ genes whidi were then spliced 
together to create the C6.5 diabody gene. The gene was then doned into an jqjprppiiate 
vector, expressed, and purified according to standard methods wdl known to those of 
skiUintheart In another preferred embodiment, the (sFv), dimer is produced using a 
longer peptide liner that permits the Vh and VI to pair, yidding a single polypeptide 
chain with two C6 binding sates. 



K) Effect of sFy afflnltY on in vftm cell Wndinf unA | ^ viyp hio.!I^, |rtftp, 
As described in the preceding section, chain-shufOed and point-mutation 
variants of C6.5 have been prepared with Kd ranging from 1.0 x 10-* M to 1.0 x 10-» M. 
The mutant sFv have been used to examine the effects of binding affinity and kinetics on 
in vitro cdl binding and on in Ww biodistiibution. Cell sur^ retention assays 
demonstrate that higher affinity sFv are retained to a much greater extent than lower 
afBnity sFv. For sFv of approximatdy the same affinity, sFv with slower kj, are better 
retained on the cdl surfece. In competitive binding assays, all of the molecules compete 
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in a dose dq)endent fashion widi biotinylated C6.5 for c-«tbB-2 on the surface of SK- 
BR-3 cdls. 

Twenty four hour biodistribution studies were performed in scid 
micebearing s.c. SK-OV-3 tumors to examine the role of affinity in the specificity and 
degree of tumorretention. These assays employed "*I-labcled forms of C6.5, C6Q98A, 
C6ML3-9 and a negative control sFv at a dose of 25 mg. The c-erbB-2-specific sFv 
were selected to provide the f(dlowing stepwise increase in affinity; C6G98A (3.2 x 
10r\ C6.5 (1.6 X 10^ and C6ML3-9 (1.0 x 10*), The biodistribution studies revealed a 
close correlation between the afBnity and the %ID/g of the radioiodinated sFv retained in 
tumor, nie greatest degree of tumor retention was obsenred with "^-C6ML3-9 (1.42 ± 
0.23 %]D/g). Significantly less tumor retention was achieved with "*I-C6.5 (0.80 ± 
0.07 %ID/£) ^=0.0306). Finally, the tumor retention of the lowest affinity done "^I- 
C6G98A (0.19 ± 0.04 %ID/g) was significantly less ttian that of C6.5 (p«0.00001) and 
was identical to that of the negative control «*I-26-10. The T:0 ratios also reflected the 
greater retention of higher-affinity spedes in tumor. For example, tumonblood ratios of 
17.2, 13.3, 3.5 and 2.6, and tumor to Uver ratios of 26.2, 19.8, 4.0 and 3.1 were 
observed for C6ML3-9, C6.5, C6G98A and 26-10, respectively. 

These results demonstrate that selective tumor retention of sFv molecules 
correlates with their afBnity properties. With further increases in afBnity, additional 
inqnovemoits in tumor retention are observed. 



L) Approach to produce highw affinltv human «yY, 

As described above and in Examples 1 and 2, a C6 antibody {eg. C6.5 
sFv), which binds specifically to c-erbB-2, is expressed at high level in £1 a>ff as native 
protdn, and can be simply purified in high yield. Optimized techniques for creating 
large C6.5 mutant phage antibody libraries and developed techniques for efficiently 
selecting higher afBnity mutants from these libraries are provided. These techniques 
were used to increase C6.5 affinity 16 fold, to 1.0 x 10» M, by randomizing CDR3, 
and 5 and 6 fold by heavy and light chain shuffling respectively. 

To further increase affinity, mutant C6.5 phage antibody libraries can be 
created where the other CDRs are randomized (V^ CDBl and CDR2 and Vg CDRl, 
CDR2 and CDR3). Each CDR is randomized in a sepatate library, using, for example, 
€(SMO=9 as a template (K^ ^ a.© k M). M a preferred embodiment, GDKs can be 
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sequentially landomized, using the highest afBnity sFv as the template for the next round 
of mutagenesis. This approadi would be prefiBiied when mutating CDRs that pack on 
each other, for «ample VL and VH CDRS. In another embodiment, CDIts could be 
mutated in paialld, and mutations combined to achieve an additive effect on affinity. 
This approach has been used to increase the afOnity of human growth hormone (hGH) 
for the growth hormone recq)tor over 1500 fold from 3.4 x lO"" to 9.0 x lO"" M 
(Lowman et al. (1993) /. Mol. Biol, 234: 564-578. 

Vh CDR3 occiqiles fbt center of the binding pocket, and thus mutations in 
this region are likdy to result in an increase in affinity (Cladcson et al. (1995) Science, 
267: 383-386). In one embodiment, four Vh CDR3 residues at a time are randomized 
using the nucleotides NNS. To create the library, an oligonucleotide is synthesized 
which anneals to the C6.5 Vh fhunewMk 3 and encodes Vg CDR3 and a portion of 
framework 4. At die four positions to be randomized, tbt sequence NNS is used, where 
N « any of the 4 nucleotides, and S IF Cor T. The oligonucleotide are used to an^liiy 
the C6.5Vh gene using PGR, creating a mutant C6.5VH gene rqwtoiie. PCRisused 
to splice the VH gene repertoire with die C6ML3-9 light chain gene, and the resulting 
sFv gene repertoire cloned into the phage display vector pHEN-1. Ligated vector DNA 
is used to transform dectrocompetent E.a>li to produce a phage antibody Vbxaiy of > 
1.0X10' clones. 

To sdect higher affinity mutant sFv, eadi round of sdection of the phage 
antibody libiaiies is conducted on decreasing amounts of biotinylated c-erbB-2, as 
described in the Examples. Typically, 96 clones from the third and fourth round of 
selection are screened for binding to 6crbB-2 by ELBA on 96 weU plates. Single-chain 
Fv from twenty to forty EUSA podtive clones are expressed in 10 ml cultures, die 
periplasm harvested, and the sPv determined by BIAcore. Qones with the slowest 
Ka are sequenced, and each unique sFv subdoned into pUC119 SfiNotmycEBs. Single 
chain Fv is expressed in IL cultures, and purified as described stg>ra. Affinities of 
purified sFv are determined by BIAcore. Randomization of one four amino add segment 
of Vh CDR3 produces a C6 mutant with a Ko of 1.6 x 10"" M (see Example 3). 
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M) In YitrV cell MndinP ayWYS, id tIyq phflrmflcokineHr an d Modlstrihutlnii 

Once higher affinity sFv*s are identified, pioduction is scaled up to 
provide adequate material for in vino cell binding assays and in ^nvo pharmacokinetic 
and biodistiibution studies. Techniques for scaling up pioduction are known. Briefly, in 
one embodiment, sFv is expressed in £ coU cultures grown in 2 liter shaker flasks. 
Single-chain Fv is purified from the periplasm as described above and in Examples 1 and 
2. Mutant sFv of higher affinity are tested using the cell retention assay described in 
Examples 1 and 2. Since the tia of retention should be approximately two hours when 
kcff is less than 10^, the assay is done at 30, 60, 120, 240 minutes and 18 hour 
incubations. Scalchard analyses may be performed on selected samples. 

These studies show that affinities measured in the BiAcore on immobilized 
antigen correspond to improved cell binding. The pharmacokinetic and biodistribution 
properties of sFv molecules with broadly different affinity characteristics are screened 
using labeled sFv and sdd mice bearing human SK-OV-3 tumore. This serves to identify 
molecules with in vivo properties that make them unsuitable for use as thercpeutics i.e., 
wsxpected aggregation, or unacceptable normal organ retention properties. 

Twenty four hour biodistribution results are convenient indicators of 
overall biodistribution properties. C6 antibodies, for example C6.5 mutants, with 
afBnities between L6 x 10* M and 1.0 x 10"" M, and which differ at least 3 to 4 fold in 
affinity, arc screened. Mutants with similar but with dissimilar ^ arc also studied. 
A number of C6.5 series affinity variants arc tested and more extensive biodistribution 
studies performed on molecules that differ significantiy from C6.5 or die nearest afiBnity 
variant in 24 hour biodistribution characteristics. These data arc used to generate 
tissue-specific AUG determinations, as weU as tumonnormal organ AUG ratios and 
MIRD estimates. 

Sample molecules associated wifli favorable predicted human dosimetry 
(e.g., based upon tiie MIRD formulation) arc assayed for tfieir in vivo tiierapeutic 
efficacy in mice. 

An affinity of 1.0 x 10"" can be chosen as an cndpoint in this preferred 
embodiment because tiie associated Ka (10^) results in a t^ for dissociation from tumor 
of greater ttian 20 hours. Higher affinity oidpoints can be selected and result in ev^ 

Esng^r fetmtiO'Eo Bie 4^ f©i dissociation ©f CS.S k ^roximatdy 3 minutes, IMs 



wo 97/00271 PCTAJS96/10287 

30 

invention provides optimized techniques for creating large C6.5 mutant phage antibody 
libraries and techniques for cfBdenfly selecting higher affinity mutants ftom these 
libraries. A number of C6-5 mutants with afGnities between 1.6 x 10* M to 1.0 x lO-" 
M are provided. Combining these mutations into die same sFv produces sFv mutants 
with K< between 1.6 x ia*»M and 3.3 x lO"" M. 



W) rrcparation of C6 fsFv)..fsFvn, Fah. Mid fFi.h*v «'ft»^fi.pntn mi! 

diflbodles. 

C6 antibodies such as C6.5 sFv, or a variant with higher affinity, are 
suitable templates for creating size and valency variants. For example, a C6.5 (sFv*), is 
created from the parent sPv as described above and in Example 1. AnsFv'canbe 
created by excising teh sFv gene, s.g., with Nad and Notl from pHEN-i or pUCiiy 
Sfi-NotmycHis and cloned into pUC119C6.5mycCysHis, cut with Ncol and Nott. Li one 
embodiment, expressed sFv' has a myc tag at the C-terminus, followed by 2 glycines, a 
cysteine, and 6 histidines to fedHtate purification. After disulfide bond formation 

between the two cysteine residues, the two sFv should be separated ftom each other by 
26 amino adds (fi.g., two 11 amino add myc tags and 4 glydnes). SFV is ejqnessed 
from this construct and purified. To produce (sPv*)2 dimers, the cysteine is reduced by 
incubation with 1 Mm beta-mercaptoethanol, and half of the sFv blocked by the addition 
of DTNB. Blocked and unblocked sFv are incubated together to form (sFv*)2, which is 
purified, niis approach was used to produce C6.5 (sFv*)2 dimer, which demonstrates a 
40 fold higher afBnity than C6.5. A (sFv')2 may be constructed for example, ftom 
C6L1(K, =2.5 X 10;* M) and C6ML3-9(K4= 1.0x10* M). As higher affinity sFv 
become available, their genes are similariy used to construct (sFv')}. 

Altemativdy, C6 (sFv), can be produced by linking the two sFv by a 
peptide, as described in Example 5. As higher affinity sFv become available thdr genes 
can be used to construct hightf affini^ (sFV),. 

C6.5 based Fab are expressed in E. cott using an expression vector similar 
to the one described by Better ef. al. (Better a al. (1988) Science. 240: 1041-1043). To 
create a C6.5 based Fab, the VH and VL genes are amplified ftom the sFv using PGR. 
The VH gene is doned into a PUC119 based bacterial oqiression vector whidi provides 
the human IgG CHI domain downstream from, and in fiame with, the Vg gene. Tlie 
vector aSs© eontains fee ks piomoto-, a pdb leader sequemje to direct expressed 
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domain into the periplasm, a gene 3 leader sequence to direct expressed light chain into 
the periplasm, and doning sites for the light chain gene. Clones containing the conect 
VH gene are identified, e.g., by PGR fingerprinting. Hie gene is spliced to the Cj. 
gene using PGR and cloned into the vector containing the Vh CHI gene. 

m. Preparation of rffl merip Mnlffl ilfff 

In another embodiment this invention provides for chimeric molecules 
comprising a C6 antibody attached to an effector molecule. As aq>]ained above, the 
effector molecule component of the chimeric molecules of this invention may be any 
molecule whose activity it is desired to deliver to cells that eqness c-crbB-2. Suitable 
effector mdecules include cytotoxins such as PE, Ridn, Abrin or DT, nuiionudides, 

Mgands such as growth fectors, antibodies, detectabk labels Such as fiuoreseen 
radioactive labels, and therapeutic compositions such as Uposomes and various drugs. 

A) CTtotoYln^. 

Particularly preferred cytotoxins indude Pseudomonas exotoxins. 
Diphtheria toxins, ridn, and abrin. Pseudamoim exotoxin and Dipthteria toxin, in 
particular, are frequenOy used in chimeric cytotoxins. 

I) Pseudomonas wnfffyin fpp;) 

Pseudomonas exotoxin A (PE) is an extremdy active monomeric protein 
(molecular wdght 66 kD), secreted by Pseudomonas aeruginosa, whidi inhibits protein 
synthesis in eukaiyotic cdls through the inactivation of dongation fector 2 (EF-2) by 
catalyzing its ADP-ribosyMon (catalyzing the transfer of the ADP ribosyl moiety of 
oxidized NAD onto EP-2). 

Hie toxin contains three structural domains that act in concert to cause 
cytotoxidty. Domain la (amino adds 1-252) mediates cdl binding. Domain H (amino 
adds 253-364) is responsible for translocation into the cytosd and domain m (amino 
adds 40CW13) mediates ADP ribosylation of dongation fiictor 2, whidi inactivates the 
protdn and causes cdl death. The function of domain lb (amino adds 365-399) remains 
undefined, although a large part of it, amino adds 365-380, can be ddeted without loss 
of cytotoxidty. See Siegall et al„ J. Biol Chem. 264: 14256-14261 (1989). 
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F r maximum cytotoxic properties of a piefened P£ molecuk, several 
modifications to the molecule are recommended. An appropriate caiboxyl terminal 
sequence to the recombinant molecule is preferred to translocate the molecule into the 
cytosol of target cells. Amino add sequences which have been found to be effective 
5 include, SEDLK (as in native PE), REDL, RDEL, or KDEL, repeats of those, or other 
sequmces that function to maintain or recycle proteins into the endoplasmic reticulum, 
referred to here as "endoplasmic retention sequmces". See, for example, Chaudhary et 
al, Proc. Natl Acad. Sci. USA 87:308-312 and Seetharam et al, J. Biol Oiem. 266: 
17376-17381 (1991). 

10 The targeting molecule can be inserted in replacemrat for domain la. A 

amilar insotion has been accomplished in what is known as the TGFa*PE40 molecule 
(also referred to as TP4G) described in Heimbrookeffi/.,P?x^ Natl Acad. Sci., USA, 
87: 4697-4701 (1990). See also, Debinski et al. Bioconf. Chenu, 5: 40 (1994) for other 
PE variants). 

15 The PE molecules can be fused to tfie C6 antibody by recombinant means. 

The genes encoding protein chains may be cloned in cDNA or in genomic form by any 
cloning procedure known to ttiose skilled in the art SeeforcxanqdeSambrooketaL, 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, (1989). 
Methods of cloning genes encoding PE fused to various ligands are well known to those 

20 of skill in the art See, for example, Si^ etaL. FASEB J., 3: 2647-2652 (1989); 
Chaudhary et al. Proc. Natl. Acad. Sci. USA, 84: 4538-4542 (1987). 

Those skilled in the art will realize that additional modifications, deletions, 
insertions and the like may be made to the chimeric molecules of the present invention or 
to the nuddc add sequences encoding the C6 chimeric molecules. Especially, deletions 

25 or changes may be made in PE or in a linker connecting an antibody gene to PE, in 
order to increase cytotoxicity of the fusion protein toward target cdls or to rffcryasf 
nonspecific cytotoxicity toward cells without antigen for the antibody. All such 
constructions may be made by methods of genetic engineering well known to those 
skilled in tiie art (see, generally, Sambrook et al., supra) and may produce proteins tiiat 

30 have differing properties of affinity, specificity, stability and toxidty tiiat make tiiem 
particularly suitable for various clinical or biological applications. 
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ifl Diphtheria toxin n>T> . 

Lilce PE, diphtheria toxin (DT) Idlls cdls by ADP-ribosylating elongation 
factor 2 (EF-2) thereby inhibiting proton syntheas. Diphtheria toxin, however, is 
divided into two chains, A and B, linked by a disulfide bridge. In contrast to PE, chain 
B of DT, which is on the caifooxyl end, is responsible for recq)tor binding and chain A, 
which is present on the amino end, contains the enzymatic activity (Uchida et ed.. 
Science, 175: 901-903 (1972); Uchida et aJ. J. Biol. Oiem., 248: 3838-3844 (1973)). 

The targeting molecule-Diphtheria toxin fusion proteins of this invention 
may have the native recq)tor-hmdmg domam removed by truncation of tiie Diphtheria 
toxin B chain. DT388, a DT in which the caiboxyl terminal sequence beginning at 
residue 389 is removed is illustrated in Chaudhary, et aL, Bioch. Biophys. Res. Comm., 
180: 545-551 (1991). 

like the PE chimeric cytotoxins, the DT molecules may be diemically 
conjugated to the C6 antibody but, may also be prepared as fimon proteins by 
recombinant means. The genes encoding protdn chains may be cloned in cDNA or in 
genomic form by any cloning procedure known to those skilled in the art Methods of 
cloning genes encoding DT fused to various ligands are also well knovm to diose of skill 
in the art. See, for example, Williams et al. J. Biol Chem. 265: 11885-11889 (1990) 
which describes die expression of growtfa-&ctor-DT fusion proteins. 

The texm "Diphflieria toxm" (DT) as used herdn refers to full length 
native DT or to a DT that has been modified. Modifications typically include removal of 
the targeting domain in the B cham and, more specifically, involve truncations of the 
carboxyl region of the B chain. 

B) Detectohli.lalw.k. 

Detectable labels suitable for use as the effector molecule conqwnent of 
the chimeric molecules of this invention include any composition detectable by 
spectroscopic, photodiemical, biochemical, immunodiemical, electrical, optical or 
chemical means. Useful labels in the present mvention uidude magnetic beads (e.g. 
Dynabeads''*), fiuorescent dyes {e.g., fiuorescdn isothiocyanate, texas red, rhodamine, 
green fiuorescent protdn, and the like), radiolabds (e.g. , »H, ™I, "S, "C, or »*P), 
enzymes (e.g., horse radish paoxidase, alkaline phosphatase and others commonly used 
m m ELISA), and colorimetric labels such as colloidal g(M ox colored glass or plastic 
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{e.g. polystyrene, polypropylene, latex, etc.) beads. Patents teaching the use of such 
labels include U.S. Patent Nos. 3.817,837; 3,850.752; 3,939,350; 3,996.345; 4,277.437; 
4.275.149; and 4,366,241. 

Means of detecting such labels are weU known to those of skill in the art. 
Thus, for example, radiolabels may be detected using photographic film or scintillation 
counters, fluorescent markers may be detected using a photodetector to detect emitted 
illumination. Enzymatic labels are typically detected by providing the enzyme with a 
substrate and detecting the reaction product produced by the action of the enzyme on the 
substrate, and colorimetiic labels are detected by simply visualizing the colored label. 

QLigMds. 

As explained above, die effeciaf molecuie may also be a ligand oran 
antibody. Particularly prefcried ligand and antibodies are those that bind to surfiice 
markera of immune cdls. Chimeric molecules utilizing such antibodies as effector 
molecules act as hifimctional linkers estaWishiiig an assodati 
bearing binding partner for the ligand or antibody and the tumor cdls express 
erbB-2. Suitable antibodies and growth fiictora are known to those of skiU in the art and 
indude. but are not limited to. IL.2. ILrA, 11^. IL-?. tumor necrosis fector CIUF). anti- 
Tac. TGFa, and the like. 

D) Other thpri^pf P fflftln 

Other suitable effector molecules include pharmacological agents or 
encapsulation systems containing various pharmacological agents. Thus, the C6 antibody 
may be attadieddirecfly to a drug that is to be ddivcred directly to the tumor. Sw* 

drugs are wdl known to those of skill in the art and indude, but are not limited to. 
doxirubidn. vinblastine, geoistdn, antisense molecules, ribozymes and the like. 

Alternativdy, the effector molecule may comprise an encapsulation 
system, sudi as a liposome or micdle that contains a therapeutic composition such as a 
drug, a nuddc add {e.g. an amisense nuddc add) , or another therapeutic moiety that is 
preferably shiddedftom direct exposure to the drculatory system. Means of preparing 
Hposoraesattadied to antibodies are wdl known to those of SkiU in the art. See, for 
example. U.S. Patent No. 4,957.735 and Comior ei a., Pham. Then, 28: 341^365 
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D Attachment of the c6 antibody in tliP effertnr mnli^ul f 

One of skill will appreciate that the C6 antibody and the effector molecule 
may be joined together in any order. Thus the effector molecule may be joined to either 
the amino or caiboxy termini of the C6 antibody. The C6 antibody may also be joined to 
an internal region of the effector molecule, or conversely, the effector molecule may be 
joined to an mtertal location of the C6 antibody as long as the attachment does not 
interfere with the respective activities of the molecules. 

The C6 antibody and the effector molecule may be attached by any of a 
number of means wdl known to those of skill in the art. Typically the effector molecule 
is conjugated, either directly or through a linker (spacer), to the C6 antibody. However, 
where the effector molecule is a polypeptide it is preferable to lecombinantiy express the 
chimeric molecule as a angl&Kshain tamu proidu. 

n Conjugation of the effertor mnli^l.. to the torp«.f Inp n»ff|^f^y , 
In one embodiment, the targeting molecule C6 antibody is chemically 
conjugated to the effector molecule (e.g. a cytotoxin, a label, a ligand, or a drug or 
l^wsome). Means of chcmicaUy conjugating molecules are well known to those of skiU 
(see, for example. Chapter 4 in Monochnal Antibodies: Principles and Applications, 
Biich and Lennox, eds. John Wiley & Sons, Inc. N.Y. (1995) which describes 
conjugation of antibodies to anticancer drugs, labds including radio labels, enzymes, and 
thelike). 

The procedure for attaching an agent to an antibody or other polypeptide 
targeting molecule will vary according to the chemical structure of the agent 
Polypq)tides typicaUy contain variety of functional groups; e.g., carboxylic add (COOH) 
or firee amine (-NHj) groups, which are available for reaction with a suitable functional 
group on an effector molecule to bind the effector thereto. 

Altemativdy, the targeting mdecule and/or effector molecule may be 
derivatized to expose or attach additional reactive functional groups. The derivatization 
may involve attachment of any of a number of linker molecules sudi as those available 
from Pierce Chemical Company, Rockford Illinois. 

A "linker", as used herdn, is a molecule that is used to join the targeting 
molecule to the effector molecule. The linker is c^le of forming covalent bonds to 
Sioti tije targeting moiecuie and to the Sector molecule. Suitable linkers are wdl knowu 
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to th se of skill in the art and include, but are not limited to, straight or bianched-chain 
carbon linkers, heterocyclic carbon linkers, or peptide linkers. Where the targeting 
molecule and the effector molecule are polypeptides, the linkers may be joined to the 
constituent amino adds through thdr side groups (e.^., through a disulfide linkage to 
cysteine). However, in a preferred embodiment, the linkers will be joined to the alpha 
carbon amino and carboxyl groups of the terminal amino adds. 

A bifimctional linker having one functional group reactive with a group on 
a particular agent, and another group reactive with an antibody, may be used to form the 
desired inununoconjugate. AUemativdy, derivatization may involve chemical treatment 
of the targeting molecule, e.g. , glycol cleavage of a sugar moiety attached to the protdn 
antibody with periodate to generate free alddiyde groups. The free aldehyde groups on 
the antibody may be reacted with firee amine or bydra^ne groups on an agent to bind the 
agmt tiiereto, (See U.S. Patent No. 4,671,958). Procedures for generation of free 
sulfhydryl groups on polypq)tide, such as antibodies or antibody fragments, are also 
known (See U.S. Pat No. 4,659,839). 

Many procedure and linker molecules for attachment of various 
compounds induding radionuclide metal chdates, toxins and drugs to proteins such as 
antibodies are known. See, for cxaniple, European Patent Application No. 188,256; 
U.S. Patent Nos. 4,671,958, 4,659,839, 4,414,148, 4,699,784; 4,680.338; 4,569,789; 
and 4,589,071; and Borlinghaus et al. Cancer Res. 47: 4071-4075 (1987) which are 
incorporated herein by reference. In particular, production of various immunotoxins is 
wdl-known wiflun tfie art and can be found, for example in "Monodonal Antibody- 
Toxin Conjugates: Aiming flie Magic Bullet,* Thorpe et al., Monochnal Antibodies in 
Oinical Medicine, Academic Press, pp. 168-190 (1982), Waldmann, Science, 252: 1657 
(1991), U.S. Patent Nos. 4,545,985 and 4,894,443. 

In some circumstances, it is desirable to ftee the effector molecule from 
the targeting molecule when the chimeric mdecule has reached its target site. Therefore, 
chimeric conjugates comprising linkages which are deavable in tiie vicinity of tiie target 
site may be used when tiie effector is to be released at tiie target site. Cleaving of tiie 
linkage to release the agmt from tiie antibody may be prompted by enzymatic activity or 
conditions to which tiie immunoconjugate is subjected dtiier inside ttie target cell or in 
tiie vicinity of tiie target site. When tiie target site is a tumor, a linker which is 
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deavable under conditions present at the tumor site {e.g. when exposed to tumor- 
asso c i a ted enzymes or acidic p^ may be used. 

A number of different deavable linkers arc known to those of skill in fee 
art See U.S. Pat. Nos. 4,618.492; 4,542.225, and 4.625.014. Tlie mechanisms for 
release of an agent ftom these linker groiq)s include, for example, irradiation of a 
photolabile bond and acid-catalyzed hydrolysis. U.S. Pat. No. 4,671,958. for example, 
includes a description of immunoconjugates oompiiang linkers which are cleaved at the 
target site in vfw by the proteolytic enzymes of the patient's complement system. In 
view of the large number of mediods that have been rqwrted for attaching a variety of 
ladiodiagnostic compounds, radiothetapeutic compounds, drugs, toxins, and other agents 
to antibodies one skilled in the art wiU be able to determine a suitable method for 
attaching a given agent ic an antibody or other polypeptide. 

ID Piroduction nf fiirf on nrotrfn^i. 

Where the C6 antibody and/or die effector molecule are relativdy short 
(/.«. , less than about 50 amino adds) they may be synthesized ymag standard chemical 
pqjtide synthesis techniques. Where both molecules are rdativdy short the chimeric 
molecule may be synthesized as a siogle contiguous polypeptide. Altemativdy the C6 
antibody and the effector molecule may be synthesized sqniatdy and then fused by 
condensation of the amino tenninus of one molecule with the carboxyl terminus of the 
other molecule thereby forming a pq)tide bond. Altemativdy, the taigeting and effector 
molecules may each be condensed with one end of a pq)tide spacer molecule thereby 
forming a contiguous fiiaon protein. 

Solid phase synthesis in which the C-terminal amino add of the sequence 
is attached to an insoluble support followed by sequential addition of the remaining 
amino adds in the sequence is the preferred method for the chemical synthesis of the 
polypq)tides of this invention. Techniques for soUd phase syndiesis are described by 
Barany and Merrifidd, Solid-Phase Peptide Synthesis', pp. 3-284 in The Peptides: 
Anafysis. Syruhesis. Biology, Vol. 2i Spedal Methods in Peptide Synthesis. Part A. , 
Merrifidd, et al. J. Am. Otem. Soc., 85: 2149-2156 (1963), and Stewart et ai.. Solid 
Phase Peptide Synthesis, 2nd ed. Pierce CSiem. Co., Rockford, m. (1984). 

In a preferred embodiment, die diimeric fusion protdns of die presoit 
kventioa are ^thesized using recombinant DNA metliodoiogy. (Oeneraily this involve 
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creating a DNA sequence that encodes the fiisi n protein, placing the DNA in an 
expression cassette under the control of a particular promoter, repressing the piotdn in a 
host, isolating the expressed protein and, if required, renatuiing the protein. 

DNA encoding the fusion protdns (e.g. C6.5Ab-PE) of this invention may 
be prepared by any suitable method, including, for ejcample, cloning and restriction of 
appropriate sequences or direct chemical synthesis by methods such as the 
phosphotriester method of Narang et al. Meth. Enzymol 68: 90-99 (1979); the 
phosphodiester method of Brown ef a/., MeA. Enzymol 68: 109-151 (1979); the 
diethylphosphoramidite m^od of Beaucagc et c/., Tetra. Lett., 22: 1859-1862 (1981); 
and the solid support method of U.S. Patent No. 4,458,066. 

Chemical synthesis produces a single stranded oligonucleotide. This may 
be converted into double stranded DNA by hybridization wim a compiementaiy 
sequence, or by polymerization with a DNA polymerase using the single strand as a 
template. One of skiU wouM recognize that while chenucal synthesis of DNA is limi^ 
to sequences of about 100 bases, longer sequences may be obtained by Oe ligation of 
shorts sequences. 

Alternatively, subsequences may be cloned and the zpprapmte 
subsequences cleaved using appropriate restriction enzymes. Tlie ftagments may thai be 
ligated to produce the desired DNA sequence. 

In a preferred embodiment, DNA encoding fusion proteins of the present 
invention may be doned using DNA an^lification methods such as polymerase chain 
reaction (PGR). Thus, for example, tiie gene for the C6 antibody may be amplified fiom 
a nuddc add template (done) uang a sense prim» containing a first restriction site and 
an antisense primer containing a second restriction site. Tliis produces a nucleic add 
encoding the mature C6 antibody sequence and having terminal restriction sites.. A 
cytotoxin (or other polypeptide effector) may be cut out of a plasmid encoding that 
effector using restriction enzymes to produce cut ends suitable for annealing to the C6 
antibody. ligation of the sequences and introduction of the construct into a vector 
produces a vector encoding the C6-effector molecule fusion protein. Such PGR doning 
methods are well known to those of skill in the art (see, /or ewwpfe, Dd>inski ef a/. Im. 
/. Cancer, 58: 744-748 (1994), for an example of the preparation of a PE fusion 
protdn). 
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While the tw molecules may be directly joined together, one of sldll will 
appreciate that tiie molecules may be separated by a pqrtide spacer consisting of one or 
more amino adds. Generally the spacer will have no specific biological activity other 
than to join the proteins or to preserve some minimum distance or other spatial 
relationship between them. However, the constituent amino adds of the spacer may be 
sdected to influence some property of the molecule such as the folding, net charge, or 
hydrophobidty. One of skill will appndatc that PGR primers may be selected to 
introduce an amino add linker or spacer between the C6 antibody and the effector 
molecule if deared. 

Ihe nucteic add sequences encoding the fusion protdns may be exptessed 
in a variety of host cdls, induding E. coU, other bacterial hosts, yeast, and various 
higher ieukaryotic cdls such as the COS, CKO and HeLa celis lines and mydoma cdi 
lines. TTie recombinant protdn gene will be qperably linked to appropriate ejqnession 
control sequences for each host For £. coU Has indudes a promote such as the T7, 
tip, or lambda promoters, a xibosome binding site and preferably a transcription 
termination signaL For cukaiyotic cdls, the control sequences will indude a promoter 
and prtfoably an enhancer derived from immunogldiulin genes, SV40, cytomegalovirus, 
etc., and a polyadenylation sequence, and may indude splice donor and acceptor 
sequoices. 

The plasmids of the invention can be transferred into the chosen host cdl 
by well-known methods such as caldum chloride tnmsfonnation for E. coU and caldum 
pho^hate treatment or dectroporation for fnanimniiQn cells. Cdls transformed by tiie 
plasmids can be selected by resistance to antibiotics conferred by genes contamed on the 
plasmids, such as ^ amp, gpt, neo and byg genes. 

Once caressed, the recombinant fusion protdns can be purified according 
to standard procedures of the art, induding ammonium sulfate precipitation, affinity 
columns, column chromatogRq)hy, gd electrophoresis and the like {see, generally, R. 
Scopes, Protein Purification, Springer-Verlag, N.Y. (1982), Deutscher, Methods in 
Emymology Vol 182: Cidde to Protein Pur^ication., Academic Press, Inc. N.Y. 
(1990)). In a preferred embodiment, the fusion protdns are purified using affinity 
purification methods as described in Examples 1 and 2. Substantially pure compositions 
of at least about 90 to 95 9S homogendty are preferred, and 98 to 99% or more 



wo 97/00271 PCr/US96/10287 

40 

h mogendty arc most prcferred for pharmaceutical uses. Once purified, partiaUy or to 
homogeneity as desired, the polypeptides may then be used therapeutically. 

One of skill in the art would recognize that after chemical synthesis, 
biological egression, or purification, the C6 antibody-effector fiision protein may 
possess a conformation substantially different than the native conformations of the 
constituent polypeptides. In this case, it may be necessary to denature and reduce tiie 
polypeptide and then to cause the polypeptide to re-fold into the preferred conformation. 
Methods of reducing and denaturing proteins and inducing re-folding are well known to 
those of skin in the art. (See, Debinski et al. J. Biol Chem. , 268: 14065-14070 (1993); 
Krdtman and Pastan, Biocoryug. Chem., 4: 581-585 (1993); and Buchner, et al.. Ami. 
BiochenL, 205: 263-270 (19M). Debinski a al., for example, describe the denatuiation 
and reduction of inclusion body protdns in guanidine-DTE, Hie protein is then refolded 
in a redox buffiex containing oxidized glutathione and L-arginine. 

One of skill would recognize that modifications can be made to the C6 
antibody-effector fimon proteiM withcmt diminkhing tbfi'r biological activity. Some 
modifications may be made to facilitate the cloning, cxpresacm, or incoipoiation of the 
targeting molecule into a fusion protein. Such modifications are wdl known to tiiose of 
skill in tiie art and in c l u de, for example, a mettiionine added at tiie amino terminus to 
provide an initiation site, or additional amino adds placed on citiier terminus to create 
convenientiy located restriction sites or termination codons. 

IV. DiflgncKtic Assays. 

As explained above, tiie C6 antibodies may be used for tiie in vivo or in 
vUro detection of c-crt)B-2 and thus, in the diagnosis and/or localization of cancers 
characterized by the es^ression of c-abB-2. 

A) In Vivo Detection of g-grhlU^. 

Hie C6 antibodies and/or chimaic molecules of the present invention may 
be used for in vivo detection and localization of cells (tf.g. c-crbB-2 positive carcinoma) 
bearing c-«bB-2. Such detection involves administering to an organism a chimeric 
molecule comprising a C6 joined to a label detectable in vivo. Such labels are wdl 
known to tiiose f skill in tiie art and include, but are not limited to, electron drase 
Mels S"*;e^ ^ gold '^m^:^ wMdi smy de^t^ X-^ay m CAIT seam, vmiious 
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radioactive labels that may be detected using sdntill graphy, and various magnetic and 
paramagnetic materials that may be detected using positron emission tomography (PET) 
and magnetic resonance imaging (MRI). The C6 antibody a^r^i^t^^y the label with the c- 
erbB-2 bearing cell which is then detected and localized using the appropriate detection 
method. 

B> In Vitro Detection of c-erbB-2. 

The C6 antibodies of this invention are also useful for the detection of c* 
erbB-2 in yitro e.g., in biological samples obtained from an organism. The detection 
and/or quantification of c-erbB-2 in such a sample is indicative the presence or absence 
or quantity of cells (e.^., tumor cells) overexpressing c-eibB-2. 

The c-erbB-2 antigen may be quantified in a biological sample derived 
from a patient such as a cell, or a tissue sample derived from a patient As used herein, a 
biological sanq)le is a sample of biological tissue or fluid that contains a c-erbB-2 antigen 
concentration tiiat may be correlated witii and indicative of cells ovcrcjqjrcssing c-crbB-2. 
Preferred biological samples include blood, urine, and tissue biopsies. 

In a particularly preferred embodiment, erbB-2 is quantified in breast 
tissue cells derived from normal or malignant breast tissue samples. Although the 
sample is typically takm from a human patient, the assays can be used to detect erbB-2 
in cells from mammals in general, such as dogs, cats, sheep, catde and pigs, and most 
particularly primates sudi as humans, chimpanzees, gorillas, macaques, and baboons, 
and rodents such as mice, rats, and guinea pigs. 

Tissue or fluid samples are isolated from a patient according to standard 
methods well known to those of skill in the art, most ^ically by biopsy or 
venipuncture, Tte sample is optionally pretreated as necessary by dilution in an 
^propriate buffer solution or concentrated, if desired. Any of a number of standard 
aqueous buffer solutions, employing one of a variety of buffers, such as phosphate, 
Tris, or the like, at physiological pH can be used. 
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O ASWY Fonnats fDetertion or o..pnf8r. r ation nf r^r h7i-7), 

TTie c-«bB-2 pq)tide (analyte) or an anti-c-cit>-2 antibody is preferably 

detected in an immunoassay utilizing a C6 antibody as a capture agent that ^)ec^ 
binds to a c-erbB-2 pepddc. 

As used herein, an immunoassay is an assay that utilizes an antibody (e.g. 
a C6 antibody) to specifically bind an analyte (e.g.. c-erb-2). The immunoassay is 
characterized by the use of specific binding to a C6 antibody as opposed to other physical 
or chemical properties to isolate, target, and quantify the c-erbB-2 analyte. 

Hie c<rt)B-2 marker may be detected and quantified using any of a 
number of weU recognized immunological binding assays. (See for example, U.S. 
Patents 4,366.241; 4,376,110; 4,517,288; and 4,837,168, which are hereby incorporated 
by reference.) For a review of the general immunoassays, see also Methods in CeU 
Biology Volume 37: ' Antibodies in Cett Biology, Asai, ed. Academic Press, Inc. New 
York (1993); Basic and Oinical Imnuaiology 7th Edition, Stites & Terr, eds. (1991)). 

The immunoassays of the present invention are performed in any of 
several configurations, e.g., those reviewed in Maggio (ed.) (1980) Enzyme Immunoassay 
CRC Press, Boca Raion. Horida; Tijan (1985) "Practice and Theory of Enzyme 
Immunoassays,- Laboratory Techniques in Biochemistry and Molecular Biology, Hsevier 
Science Publishers B.V., Amsterdam; Harlow and Lane, supra; Chan (ed.) (1987) 

(eds.) (1991) Principles and Practice qf Immunoassays Stockton Press, NY; and Ngo 
(ed.) (1988) Non isotopic Inanunoassoys Plenum Press, NY. 

Immunoassays often utilize a labeling agent to specifically bind to and 
labd the binding complex ftmned by the caimire agert and the analyte (i.^^ 
antibody-erbB-2 complex). Hie labeling agent may itself be one of the moilties 
comprising the antibody/analyte complex. THus, the labeling agent may be a labeled c 
erbB-2 peptide or a labeled C6 antibody. Alternatively, the labeling agent is optionally a 
third moiety, such as another antibody, that q«dfically binds to the C6 antibody, the c- 
erbB-2 peptide, the anti^.erbB-2 antibody/c-eibB-2 pq,tide complex, or to a modified 
capture group ie.g.. biotin) which is covalently linked to c<rbB-2 or the C6 antibody. 

In one embodiment, the labeling ag<at is an antibody fliat sp^oUy 
« to aie C6 antibody. Suc& agents are well known to those of sMIi in the art, and 
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most QfpicaUy comprise labeled antibodies that spedficaUy bind antibodies of the 
particular animal species fiom which the C6 antibody is derived ie.g., an anti-spedes 
antibody). Thus, for example, where the capture agent is a human derived C6 antibody, 
the label agent may be a mouse anti-human IgG, /.c, an antibody specific to the constant 
region of the human antibody. 

Other proteins capable of specifically binding immunoglobulin constant 
regions, such as streptococcal protein A or protein G are also used as the labeling agent. 
Hiese proteins are normal constituents of the cell walls of strq)tococcal bacteria. They 
exhibit a strong non immunogenic reactivity with immunoglobulin constant regions fiom 
a variety of species. See, generaUy Kronval, et al., (1973) J. bnnumol, 111:1401-1406, 
and Akerstrom, etal., (1985)/. Immunol, 135:2589-2542. 

Throughout the assays, incubation and/or washing steps may be required 
after each combination of reagoits. Incubation steps can vaiy from about 5 seconds to 
several hours, prefi^ly ftom about 5 minutes to about 24 hours. However, the 
incubation time will dq)end upon the assay format, analyte, volume of sohition, 
concentrations, and the like. Usually, the assays are carried out at ambient temperature, 
although they can be conducted over a range of temperatures, such as 5»C to 45''C. 

(a) Nop goinp<^U{v«. a^ay fftimatlT 
Immunoassays for detecting c-eib-2 are Really eitiwr competitive or 
noncompetitive. Noncompetitive immunoassays are assays in which tiie amount of 
captured analyte Cm tiiis case, c-ert)-2) is direcfly measured. In one preferred 
■sandwich" assay, for example, the aq)ture agent {e.g.. C6 antibody) is bound direcfly 
or indirectiy to a solid substrate where it is immobilized. These immobilized C6 
antibodies capture c-erb-2 present in a test sample {e.g., a biological sample derived 
from breast tumor tissue). The o-erb-2 thus immobilized is flien bound by a labeling 
agent, such as a second c-erb-2 antibody bearing a label. Altemativdy, tiie second 
antibody may lack a label, but it may, in turn, be bound by a labeled third antibody 
specific to antibodies of tiie species from whidi flw second antibody is derived. Free 
labeled antibody is washed away and tiie remaining bound labeled antibody is detected 
{e.g.. using a gamma detector where the labd is radioactive). One of skill will 
predate flmt tiie analyte and ^ture agait is q»tionally reversed in flie above as^y, 
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e.g., when the presence, quantity or avidity f a C6 antibody in a sample is to be 
measured by its binding to an inmiobilized c-erb-2 peptide. 

fb) Comnfttlrtvft affav fontiflte. 

In competitive assays, the amount of analyte (e.g., c-erbB-2) present in the 
sample is measured indirectly by measuring the amount of an added (exogenous) analyte 
displaced (or competed away) from a capture agent (e.g. , C6 antibody) by the analyte 
present in the sample. In one competitive assay, a known amount of c-erb-2 is added to 
a test sample with an xmquantified amount of c-erbB-2, and the sample is contacted with 
a capture agent, e.g., a C6 antibody that spedficaUy binds c-«b-2. The amount of 
added c-erbB-2 which binds to the C6 antibody is inversely prt^rtionai to the 
concentration of c-€ro5-2 present in the test sample. 

The C6 antibody can be immobilized on a solid substrate. Hie amount of 
erbB-2 bound to the C6 antibody is determined cither by mpgc^inng the amount of erfoB-2 
present in an erbB-2-C6 antibody complex, or altemativdy by measuring the amount of 
remaining uncpmplexed eibB*2. Similarly, in certain embodiments where the amount of 
crbB-2 in a sample is known, and the amount or avidity of a C6 antibody in a sample is 
to be determined, erbB-2 becomes the capture agent (e.g., is fixed to a solid substrate) 
and the C*6 antibody becomes the analyte. 

fc) Reduction of Nnn Soerifir TOnillng. 

One of skill will appreciate that it is often dedrable to reduce non specific 
binding in immunoassays and during analyte purification. Where the assay involves c- 
erbB-2, C6 antibody, or oth^ capture agent immobilized on a solid substrate, it is 
desirable to minimiz e the amount of non specific binding to the substrate. Means of 
reducing such non specific binding are well known to those of skill in the art Typically, 
this involves coating the substrate with a protdnaceous composition. In particular, 
protein compositions such as bovine serum albumin (BSA), nonfat powdered milk, and 
gelatin are widely used. 
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id) Substrates. 

As mentioned above, depending upon the assay, various components, 
including the erbB-2, C6 or antibodies to eibB-2 or C6, are optionaUy bound to a soKd 
surface. Many methods for immobilizing biomolecules to a variety of solid surfaces are 
known in the art. For instance, the solid surfece may be a membrane (eg. , 
nitroceUulose), a miciotiter dish (e.g., PVC, polypropylene, or polystyrene), a test tube 
(glass or plastic), a dipstick (e.g. glass, PVC, polypropylene, polystyrene, latex, and the 
like), a microcentrifuge tube, or a glass, silica, plastic, metaUic or polymer bead. The 
desired componait may be covalently bound, or noncovalently attached through 
nonspecific bonding. 

A wide variety of organic and inorganic polymers, both natural and 
synthetie may be employed as the material for the solid surface. Illustrative polymers 
include polyethylene, polypropylene, poly(4-methylbutene), polystyrene, 
polymethacrylate, poly(ethylene terephthalate), rayon, nylon, poly(vinyl butyrate), 
polyvinylidene difluoride (PVDF), silicones, polyformaldehyde, cellulose, cellulose 
acetate, nitroceUulose, and the like. Other materials which may be employed, include 
paper, glassess, ceramics, metals, metaUoids, semiconductive materials, cements or the 
like. In addition, substances that form gds, such as proteins ie.g., gelatins), 
lipqpolysaccharides, silicates, agarose and polyacrylamides can be used. Polymers which 
form several aqueous phases, such as dextrans, pdyalkylene glycols or surfactants, such 
as phosphoUpids, long chain (12-24 carbon atoms) alkyl ammonium salts and the like are 
also suitable. Where the soUd surfece is porous, various pore sizes may be employed 
dq)ending upon the nature of the system. 

Li preparing the surfece, a plurality of different materials may be 
employed, e.g., as laminates, to obtain various properties. For example, protein 

coatings, such as gelatin can be used to av(rid non specific binding, simplify covalent 
conjugation, enhance ^gnal detection or the like. 

If covalent bonding between a compound and the surface is desired, the 

surfece wiU usually be polyfunctional or be capable of being polyfimctionalized. 

Functional groups which may be present on the surface and used for linking can include 

carboxyUc adds, aldehydes, amino groups, cyano groups, ethylenic groups, hydroxyl 

groups, mercapto groups and the like. Hie mann» of linldng a wide variety of 

©ampounas t© various surfed is wel known and is amply ilustrated in the iterature. 
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See, for example, Immobilized Enzymes, Idiiro Chibata, Halsted Press, New Y rk, 1978, 
and Cuatiecasas, /. Biol Chem. 245 3059 (1970). 

In addition to covalent bonding, various methods for noncovalently binding 
an assay component can be used. Noncovalent binding is typically nonspecific 
5 absorption of a compound to the sur£ace. l^ically, the surface is blocked with a second 
compound to prevent nonspecific binding of labeled assay components. Alternatively, 
the sur&ce is deigned such that it nonspedficaUy binds one component but does not 
significantly bind another. For example, a surface bearing a lectin such as Concanavalin 
A will bind a carbohydrate containing compound but not a labeled protein that lacks 
10 glycosylation. Various solid surfaces for use in noncovalent attachment of assay 
components are reviewed in U.S. Patent Nos. 4,447,576 and 4,254,082. 

ii) Other Assay Fonnats 

C-erbB-2 polypq)tides or C6 antibodies and can also be detected and 
15 quantified by any of a number of other means well known to those of skill in the art 
These include aiudytic biochemical methods sudi as spectrophotometry^ radiognQ)hy, 
electrophoresis, cs^illaiy dectrophore^, high performance liquid chromatography 
(HPLQ, thin layer chromatogrq)hy CTLQ, hyperdifiiision diromatognq>hy, and the like, 
and various inmiunological methods such as fluid or gel precipitin reactions, 
20 inununodiffiision (angle or double), immunoelectrpphoresis, radioimmimoassays (RIAs), 
enzyme-linked immunosorbent assays (EUSAs), immunofluorescent assays, and the like. 

Western blot analysis and related methods can also be used to detect and 
quantify the presence of erbB-2 peptides and C6 antibodies in a sample. The technique 

25 generally comprises separating sample products by gd dectrophoreds on the basis of 

molecular weight, transferring the separated products to a suitable solid support, (such as 
a nitrocdlulose filter, a nylon filter, or derivatized nylon filter), and incubating the 
sample with the antibodies that specifically bind dther the ai)B-2 peptide or the anti- 
erbB-2 antibody. The antibodies specifically bind to the biological agent of interest on 

30 the solid support. These antibodies are directly labded or altemativdy are subsequently 
detected using labeled antibodies {e.g., labded sheep anti-human antibodies where the 
antibody to a marker gae is a human antibody) which specifically bind to the antibody 
wMdt binds eitker aati-^bB-2 @r m appropriale. 
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Other assay formats include liposome immunoassays (LIAs), whidj use 
liposomes designed to bind specific molecules {eg., antibodies) and release encapsulated 
reagents or markers. The released chemicals are then detected according to standard 
techniques (see, Monroe era/., (1986) ^r. din. Prod. Rev. 5:34-41). 

iii) Labeling of C6 antihniliiK, 

The labeling agent can be, e.g., a monoclonal antibody, a polyclonal 
antibody, a protein or complex such as those described herein, or a polymer such as an 
afBnity matrix, carbohydrate or Upid. Detection proceeds by any known method, 
including immunoblotting, western analysis, gd-mobility shift assays, tracking of 
radioactive or bioln min esoait marioers, nuclear magnetic resonance, electron 
paramagnetic resonance, stopped-fiow spectroscopy, cdumn chromatography, capillary 
electrophoresis, or other methods which track a molecule based upon an alteration in size 
and/orcharge. Tlie particular label or detectable group used in the assay is not a critical 
aspect of the invention. The detectable group can be any material having a detectable 
physical or chemical property. Such detectable labels have been weU-devdpped in the 
field of immunoassays and, in general, any label useM in such methods can be applied 
to the present invention. Hius, a label is any composition detectable by spectroscopic, 
photochemical, biochemical, immunochemical, electrical, optical or chemical means. 
Useful labels in the present invention include magnetic beads (fi.g, Dynabeads™), 
fluorescent dyes (tf.g., fluorescein isothiocyanate, Texas red, rhodamine, and the like), 
radiolabeU (fi.g., »H, »S, »«C, or «P), enzymes {e.g., LacZ, CAT, horse radish 
peroxidase, alkaline phosphatase and ofeers, commonly used as detectable enzymes, 
either as marker gene products or in an ELISA), and colorimetric labels such as coUoidal 
gold or colored glass or plastic (fi.g. polystyrene, polypropylene, latex, etc.) beads. 

The label may be coupled direcdy or indirectly to the desired component 
of the assay according to methods weU known in the art. As indicated above, a wide 
variety of labels may be used, with the choice of label depending on the sensitivity 
required, ease of conjugation of the compound, stabiUty requirements, available 
instnmientation, and disposal provisions. 

Non radioactive labels arc often attadied by indirect means. Generally, a 
ligand molecule (e.^., biotin) is covalently bound to the molecule. Tlie ligand thai binds 
cs an anti-jigand {e.g., streptavidin) molecule which is <ather inherently detectable or 
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covalently bound to a signal system, such as a detectable enzyme, a flu lescent 
compound, or a chemiluminescent compound. A number of ligands and anti-ligands can 
be used. Where a ligand has a natural anti-ligand, for example, biotin, thyroxine, and 
Cortisol, it can be used in conjunction with the labeled, naturally occurring anti-ligands. 
S Alternatively, any haptenic or antigenic compound can be used in combination with an 
antibody. 

The molecules can also be conjugated directly to signal generating 
compoimds, e.g, , by conjugation with an enzyme or fluorophore. Enzymes of interest as 
labels will primarily be hydrolases, particularly phosphatases, esterases and glycosidases, 

10 or oxidoreductases, particularly peroxidases. Fluorescent compounds include fluorescein 
and its derivatives^ rhodamine and its derivatives, dansyl, umbelliferone, ere. 
Chemiluminescaii compounds include ludfi^i, and 2,3-<lihydrGphtha]azinediones, £.5., 
luminol. For a review of various labelling or signal producing systems which may be 
used, see, U.S. Patent No. 4,391,904, which is inooiporated herein by reference. 

15 Means of detecdng labels are wdl known to those of skill in the art 

Thus, for example, where the label is a radioactive labd, means for detection include a 
scintillation counter or photographic film as in autoradiognphy. Where the label is a 
fluorescent label, it may be detected by exciting the fluorodirome with the appropriate 
wavelength of light and detecting tiie resulting fluorescence, e.g., by microscopy, visual 

20 inspection, via photographic film, by the use of electronic detectors such as charge 
coupled devices (CCDs) or photomultiplicrs and the like. Similarly, enzymatic labels 
may be detected by providing appropriate substrates for the enzyme and detecting the 
resulting reaction product Finally, simple colorimetric labels may be detected simply by 
observing the color associated with the label. Tlius, in various dipstick assays, 

25 conjugated gold oflen appears pink, while various conjugated beads appear the color of 
the bead. 

Some assay formats do not require the use of labeled components. For 
instance, agglutination assays can be used to detect the presence of C6 antibodies and C6 
antibody-erbB-2 peptides. In this case, antigen-coated particles are agglutinated by 
30 samples comprising the target antibodies. In this format, none of the components need 
be labeled and the presence of the target antibody is detected by simple visual inspection. 
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V. Pharmaceutical Comnodfiniw. 

The chimeric molecules of this invention are useful for parenteral, topical, 
oral, or local administration, such as by aerosol or transdMmally, for prophylactic and/or 
therapeutic treatment The pharmaceutical compositions can be administered in a variety 
of unit dosage forms depending upon the method of administration. For example, unit 
dosage forms suitable for oral administration include powder, tablets, pills, capsules and 
lozenges. It is recognized that the fusion proteins and pharmaceutical compositions of 
this invention, when administaed orally, must be protected from digestion. This is 
^ically accomplished dther by conqdodng flie protdn with a composition to render it 
resistant to acidic and eazytta&c hydrolysis or by jarJnpn^ the protein in an 
appropiiatdy leastant carrier such as a liposome. Means of protecting proteins from 
digestion are weU known in the art 

The pharmaceutical compositions of this invention are particularly usefid 
for parenteral administration, such as intravenous administration or administiation into a 
body cavity or lumen of an organ. The con^sitions for administiation will commonly 
con^rise a solution of tiie diimeric molecule dissolved in a phaimaceutically accq>table 
carrier, preferably an aqueous carrier. A variety of aqueous carriers can be used, e.g. , 
buffered saline and tiie like. These solutions are sterile and generally free of undesirable 
matter. These compositions may be sterilized by conventional, well known sterilization 
techniques. The compositions may contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological conditions such as pH adjusting and 
buffering agents, toxidty adjusting agents and the like, for example, sodium acetate, 
sodium chloride, potasaum chtoride, caldum diloride, sodium lactate and tiie like. The 
concentration of diimeric molecule in these formulations can vary widdy, and will be 
selected primarily based on fluid volumes, viscosities, body wdght and tiie like in 
accordance with tiie particular mode of administration sdected and tiie patient's needs. 

Thus, a typical pharmaceutical composition for intravenous administration 
would be about 0.1 to 10 mg per patient per day. Dosages from 0.1 up to about 100 mg 
per patient per day may be used, particulariy when tiie drug is administered to a secluded 
ate and not into tiie blood stream, such as into a body cavity or into a lumen of an 
organ. Metiiods for preparing parenterally administrable compositions will be known or 
^Jparent to tiiose skilled in tiie art and are described in more detail in sudi pubUcations 
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as Remington's Pharmaceutical Science, 15th ed.. Mack Publishing Company, Easton, 
Pennsylvania (1980). 

The compositions containing the present fusion piotdns or a codctail 
thereof (/.«., with oth» proteins) can be administered for therapeutic treatments. In 
thoapeutic applications, compositions are administered to a patient suffering from a 
disease, Q^jically a c-erbB-2 positive carcinoma, in an amount sufficient to cure or at 
least partially arrest the disease and its complications. An amount adequate to 
acconq)lish this is defined as a "therapeutically effective dose." Amounts effective for 
this use will depend upon Hat severity of the disease and the general state of the patient's 
health. 

Single or multiple administrations of the compositions may be administered 
dqjending en the dosage and firequency as required and tolerated by the patient. In any 
event, the composition should provide a suffident quantity of die proteins of this 
invention to effectively treat the patient 

Among various uses of the ototoxic fusioa protdns of the present 
invention are included a variety of disease conditions caused by qjedfic human cells tiiat 
may be eliminated by tiie toxic action of tiie protein. One application is Uie tieatinent of 
cancer, such as by the use of a C6 antibody attached to a cytotoxin. 

Anotiier approach involves using a ligand that binds a cdl sur&ce marker 
(rccq>tor) so the chimeric assodates cdls bearing the ligand substrate are aoov^^fMl with 
the c-abB-2 overexpressing tumor cdl. Hw ligand portion of the molecule is chosen 
according to the intended use. Proteins on tfie membranes of T cells that may serve as 
targets for the ligand indudes FC7I, FcyH and FcylH, CD2 CTli), CD3, CD4 and CDS. 
Protdns found predominantty on B cells tiiat might serve as targets include CDIO 
(CALLA antigen), CD19 and CD20. CD45 is a possible target that occurs broadly on 
lymphoid cells. These and other possible target lymphocyte target molecules for die 
chimeric molecules bearing a ligand effector are described in Leukocyte Typing HI, A.J. 
McMichad, ed., Oxford University Press (1987). TTiose skilled in tfie art will realize 
ligand effectors may be chosen tiiat bind to receptors expressed on still other types of 
cdls as described above, for example, membrane glycoproteins or ligand or hormone 
receptors such as epidermal growth factor receptor and die like. 
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VI. KitsForPiflgniwrf sorTrMtmPnt 

In another embodiment, this invention provides for kits for the treatment 
of tumors or for the detection of cells overcxpressing c-erbB-2. Kits wiU typicaUy 
comprise a chimeric molecule of the present invention (e.g. C6 antibody-labd, C6 
antibody-cytotoxin, C6 antibody-Ugand, etc.). In addition the kits will typically include 
instructional materials disclosing means of use of chimeric molecule (e.g. as a cytotoxin, 
for detection of tumor ceUs, to augment an immune response, etc.). The kits may also 
include additional components to fedlitate the particular application for which the kit is 
designed. Thus, for example, where a kit contains a chimeric nudecule in which the 
effector molecule is a detectable label, the kit may additionally contain means of 
detecting the label (e.g. enzyme substrates for enzymatic labels, filter sets to detect 
fluorescent labels, appropriate secondaiy labels such as a sheep anti-human antibodies, or 
the like). The kits may additionally include buffers and other reagents routinely used for 
the practice of a particular method. Such kits and ^ropriate contents are weU known to 
those of skill in the ait 

EXAMPLES 

The following examples are provided by way of illustration only and not 
by way of limitation. Tliose of skill will readily recognize a variety of noncritical 
parameters which could be changed or modified to yield essentially similar results. 

IsQmm aptf CbaraftfrpyfftiQD of Human SinpWh«in vy^f Binding r-^rh^ .? 

Material and Methndgt 

Prqjoration ofc-erbB-2 ECD 

The antigen c-crbB-2 ECD with a Ser-Gly-His« C-terminal fiision was 
expressed ftom CSunese Hamster Ovaiy cells and purified by immobilized metal affinity 
chromatography (IMAC). 

Phage preparation 

Phage were prq)ared from a phagemid library (3 x l(f members) 
CJqMessing sFv as pHI fiisions on the phage surfece (Marks et d. (1991) J. Mol Mol 
222:Sii=591). ms iibraiy was created ftom a repertoire of sFv gtaies consisting ©f 
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human heavy and light chain variable region (Vh and genes isolated from the 
peripheral blood lymphoqrtes of unimmunized human volunteers. To rescue phagemid 
particles from the library, 50 ml of 2 x TY media containing 100 |tg/ml ampidllin and 
1 % glucose were inoculated with 10* bacteria taken ftom the frozen library glycerol 
stock. The culture was grown at 37'C with shaking to an A«ao nm of 0.8, 7.0 x 10" 
colony forming units of VCS-MD (Stratgene) added, and incubation continued at ST'C 
for 1 h without shaking followed by 1 h with shaking. The cells were pelleted by 
centrifiigation at 4500g for 10 min, resuspended in 200 ml of 2 x TY media containing 
100 ng/tal ampidllin and 2.5 ftg/ml kanamydn and grown overnight at 37'C. Phage 
particles were purified and concentrated by 2 polyethylene glycol precipitations and 
resuspended in PBS (25 mM NaHjPO*. 125 mM NaQ, pH 7.0) to approximately 10" 
toansducing units/ml amTudUin mtittant Hones. 

Selection <^ binding phage antibodies 

Phage expressing sFv whidi bound c-erbB-2 woe sdected by panning the 
phage library on immobilized c-erbB-2 ECD (Maries et dL (1991) stqinL). Briefly, 
immunotubes (Nunc, Maxisorb) were coated with 2 ml (100 /tg/ml) c-erbB-2 ECD in 
PBS overnight at 20"C and blocked with 2% milk powder in PBS for 2 h at 37»C. 1 ml 
of the phage solution (approximatdy 10" phage) was added to the tubes and incubated at 
20"C wifli tumbling on an over and under turntable for 2 h. Nonbinding phage were 
eliminated by sequential washing (15 times with PBS containing 0.05% Tween followed 
by 15 times with PBS). Binding phage were thai duted from the immunotubes by 
adding 1 ml of 100 mM triethylamine, incubating for 10 min at 20*C, transferring the 
solution to a new tube, and neutralizing with 0.5 mllM Tris HQ, PH 7.4. Half of the 
duted phage solution was used to infect 10 ml of KcoU TGI (Gibson, T.J. (1984) 
Studies on the Epstein-Barr virus genome, Cambridge University Ph.D. thesis; Carter et 
al. (1985) Nucleic Adds Res., 13: 4431-4443) grown to an A«o nm of 0.8-0.9. After 
incubation for 30 min at 37»C, bacteria were plated on TYE plates containing 100 /ig/ml 
ampicillin and 1 % glucose and grown overnight at 37«C. Phage were rescued and 
concentrated as described above and used for the next sdection round. The sdection 
process was repeated for a total of 5 rounds. 
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Screening for binders 

After each round of selection, 10 ml of E.coli HB21S1 (Carter et al. 
(1985) Nucleic Adds Res., 13: 443M3) (A«o run - 0.8) were infected with 100 /tl of 
Ae phage duate in order to prepare soluble sFv. In this strain, the amber codon 
between the sFv gene and gene in is read as a stop codon and native soluble sFv 
secreted into the periplasm and media (Hoogenboom et al. (1991) Nuckic Acids Bes. 19: 
4133-4137). Single arapicillin resistant colonies were used to inoculate microtitre plate 
wells containing 150 /d of 2 x TY containing 100 ftg/ml ampidllin and 0.1% glucose. 
The bacteria were grown to an A«o nm - 1.0, and sFv expression induced by the 
addition of IPTG to a final concentration of 1 mM (De Bellis et al., (1990) Nucleic Adds 
Ees., 18:1311). Bacteria were grown overnight at 30"C, the cells removed by 
centiifugation, and the sapern^ant containing sFv used direcuy. 

To screen for binding, 96-well microtita plates (Falcon 3912) were coated 
overnight at 4»C with 10 ng/al c-erbB-2 ECD in PBS, blocked for 2 h at 3VC with 2% 
milk powder in PBS, and incubated for 1.5 hours at 20'C with 50 /d of the KcoU 
supernatant containing sFv. Binding of soluble sFv to antigen was detected with a mouse 
monoclonal antibody (9HO) which recognizes the C-tenninal myc peptide tag (Munro, S. 
et al., (1986) Cdl, 46:291-300) and peroxidase conjugated anti-mouse Fc antibody 
(Sigma) using ABTS as substrate (Ward et al (1989) Nature, 341: 544-546). Hie 
reaction was stopped after 30 min with NaF (3.2 n^ml) and the A«, nm measured. 
Unique clones were identified by PGR fingerprinting (Marks, J. D. et al., (1991) J. Mol. 
Biol., 222:581-597) and DNA sequencing. The specificity of each unique sFv was 
determined by ELBA performed as desoibed above with wells coated with 10 /tg/ml of 
bovine serum albumin, hen «gg white lysozyme, bovine glutamyltranspeptidase, c-eri)B.2 
ECD, VCS M13 (3.5 x lO'Vml) and casein (0.596). For ELISA wiUi biotinylated 
c-crbB-2 ECD, microtiter plates (Imraunolon 4, Dynatech) were coated wifli 50 fd 
immunopure avidin (Pierce; 10 /tg/ml in PBS) overnight at 4«C, blocked with 1 % bovine 
serum albumin in PBS for 1 h at 37»C and incubated witii 50 /d biotinylated c-erbB-2 
extraceUular domain (5 /xg/ml) for 30 min at 20"C. To prepare biotinylated antigen, 0.2 
ml c-eibB-2 ECD (1 mg/ml in PBS) was incubated witii 0.5 mM NHS-LC-biotin (Pierce) 
overnight at 4"C and tiien purified on a presto desalting column (Pierce). 
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Subcloning, expression and pwification. 

To £uulitate purification, the C6.5 sFV gene was subdoned into the 
expression vector pUC119Sfi/NotHismyc (Griffiths, et al. (1994) EMBO 7., 13: 
3245-3260) which results in the addition of a hexa-histidine tag at the C-terminal end of 
the sFv. Briefiy, pHEN-1 vector DNA containing the C6.5 sFv DNA was prepared by 
alkaline lysis milliprep, digested with Ncol and Nott, and the sFv DNA purified on a 
1.5% agarose gd. C6.5 sFv DNA was Ugated into pUC119SfiyNotIHismyc digested 
with Ncol and Noff and the legation mixture used to transform dectrocompetent E. coli 
HB2151. For expression, 200 ml of 2 x TY media containing 100 /xg/ml arapicillin and 
0.1% glucose was inoculated with E. cott HB2151 hartxHing the C6.5 gene in 
pUC119SfiI/NotIHismyc. The culture was grown at 37"C to an A«o nm of 0.8, soluble 
sPv fflqaession induced by the addition of IPTG to a final concentration of 1 mM. and 
the culture grown at 30*C in a shaker flask overnight. Single-chain Fv was harvested 
fiom the periplasm using the following protocoL Cdls were harvested by centrifiigation 
at 4000g for 15 min, resuspended in 10 ml of ice cold 30 mM Tris-HQ pH 8.0. 1 mM 
EDTA, 20« sucrose, and incubated on ice for 20 min. The bacteria were pelleted by 
centrifiigation at 6000g for 15 min. and the •periplasmic fiaction" deaied by 
centrifiigation at 30,000g for 20 min. The supernatant was dialyzed overnight at 4*C 
against 8 L of IMAC loading buffer (30 mM sodium phosphate pH 7.5, 500 mM NaQ, 
20 mM imidazole) and then filtered through a 0.2 micron filter. 

Hie sFv was purified by IMAC. All steps were performed at 4»C on a 
Perceptive Biosystems MOCAD Sprint A column containing 2 ml of Ni-NTA resin 
(Qiagen) was washed with 20 ml IMAC column wash buffer (50 mM sodium phosphate 
pH 7.5, 500 mM Na^Q, 2.50 mM imidazole) and 20 ml of IMAC loading buffer. TTie 
periplasmic prqiaration was toaded onto the cohmm by pump and the column washed 
sequentially with 50 ml IMAC loading buffer and 50 ml IMAC washmg buffer (50 mM 
sodium phosphate pH 7.5, 500 mM NaQ, 23 mM imidazole). Protein was eluted with 
2.5 ml IMAC dution buffer (50 mM sodium phosphate pH 7.5, 300 mM NaQ, 100 mM 
imidazole) and 4 ml ftactions collected. Protein was detected by absorbance at 280 nm 
and SFv typically duted between ftactions 6 and 8. To remove dimeric and aggregated 
sFv, samples were concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and 
ftactionated on a Superdex 75 column using a running buffer of HBS (10 mM Hq)es, 
HSO EaM NaS, p22 7.4). Ss ^-^^ ®f sks fiaai pns^aiatioa was ©vaiuated by assaying m 
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aUquotbySDS-PGE. Protein bands were detected by Coomassie staining. TTie 
concentration was determined spectrophotometricaUy, assuming an Aj,, run of 1.0 
corxeqwnds to an sFv concentration of 0.7 mg/ml. 

Affimiy and kinetic measurements 

The Kj of C6.5 and 74IF8 sFv were determined using surfece plasmon 
resonance in a BIAcore (Pharmacia) and by Scatchard analysis. In a BlAcore flow cell, 
1400 resonance units (RU) of c-erbB-2 ECD (25 /tg/ml in 10 mM sodium acetate, pH 
4.5) was coupled to a CM5 sensor chip (Johnssoh, B. et al„ (1991) Anal. Biochem., 
198:268-277). Association and dissociation of C6.5 and 741F8 sFv (100 nM - 600 nM) 
were measured under continuous flow of 5 Ml/min. Kale constant k. was determined 
from a plot of (In (dS/dt))/t vs conaatration (Karlsson st a!. (1991) J. Immunol Med;., 
145: 229-240). Rate constant was determined from the dissociation part of the 
sensorgram at the highest concentration of sFv analyzed (lohnsson et al. (1991) Anal. 
Biochem,. 198: 268-277). The K, of C6.5 was also detennined by Scatchaid analysis 
(Scatchard (1949) Amtd. N.Y. Acad. ScL, 51: 660). AU assays were performed in 
tripHcate. Briefly, 50 ng of radioiodinated sFv was added to 5 x IC SK-OV-3 cells in 
the presence of increasing concentrations of unlabeled sFv ftom the same preparation. 
After a 30 minute incubation at 20»C, the samples were washed with PBS at 40-0 and 
centrifuged at 500g. The amount of labeled sFv bound to the cells was determined by 
counting the pellets in a gamma counter and the K. and were calculated using the 
EBDA program (V 2.0, G.A. McPherson, 1983). 

RadiolabeUng 

Tbs C6.5 sFv was labeled with radioiodine using the CT method 
(DeNardo et al. (1986) Nud. Med. Biol, 13: 303-310). Briefly, 1.0 mg of protein was 
combined with «*I (14-17 mCi/mg) (Amersham, Arlington Heights, IL), or »»I (9.25 
mO/mg) (DuPont NEN, Wilmington, DE) at an iodine to protein ratio of 1: 10. 10 ^g 
of CT (Sigma. St. Louis, MO) was added per 100 /tg of protein and the resulting 
mixture was incubated for three minutes at room temperature. The reaction was 
quenched by the addition of 10 /tg of sodium metabisulfite (Sigma) per 100 /ig of 
protein. Unincorporated radioiodine was separated from the labeled protein by gel 
SUfeaf 63 issiag fihe ©-SS-Se ©^tsfagi^Hsalaffiii method (Adams & <sf. (1993) Cancer 
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Ees. 53: 4026^34). The final specific activity of the CT labelling was 1.4 mCi/mg for 
the "'I-C6.5 sFv and typically about 1.0 mCi/mg for the "*I-C6.5 sFv. 

Quality Control 

The quality of the radiqphannaceuticals was evaluated by HPLC, 
SDS-PAGE, and a live cell binding assay as previously described (Adams et al. (1993) 
Cancer Res. 53: 4026^34). Tlie HPLC elution profiles fiom a Spherogel ■KK.3000 
molecular sieving column consistenfly demonstrated that greater than 9996 of the 
radioactivity was associated with the protein peak. Greater than 98% of the nonreduced 
«*I-C6.5 SFv preparations migrated on SDS-PAGE as approximately 26 proteins whUe 
the remaining activity migrated as a dimer. Theimmunoreactivity of the 
radiopharmaceutirals was determmed in a live ccH binding assay utilizing c-crbB-2 
overexpressing SK-OV-3 cells (#HrB 77; American Type Culture Collection, Rockville. 
MD) and c-erbB.2 negative CEM cells (#1 19; American Type Culture Collection) 
(Adams, Q.P. et aL. (1993) Cancer Res. 53:4026-4034). Live ceU binding assays 
revealed 49 « of the activity associated with the poidtive cell pelleted less than 3 % bound 
to the negative control cells; these results were lower than those tyi«cally seen with 
741F8 sFv (60-80% bound) (Adams et al„ (1993) supra.). 

Cell Surface Dissociation Studies 

CeU surface retention of biotinylated forms of the sFv molecules were 
measured by incubating 2 /tg of either sFv with 2 x 10« SK-BR-3 cells (#HTB 30; 
American Type Culture Collection) in triplicate in 20 ml of FACS buffer, with 0.0156 
aadeforl5minat4'C. The cells were washed twice with FACS buffer (4«C) and 
iesuspendedin2mlofFACSbuffer. 0.5 ml of the ceU suspension were removed and 
placed in three separate tubes for incubations under differing conditions; 0 min at 4»C, 
15 min at 37«C, and 30 min at 37«C. After the incubations, the cells were centrifuged 
at 300g, the supenatants were removed, the ceU pellets were washed 2x (4»Q and the 
degree of retention of sFv on the ceU surface at 3TC (for 15 or 30 min) was compared 
to retention at 0 min at 4°C. 
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Biodistfibudon and Radiomnumoimaging Studies 

F ur to ax week old CBn/Icr-scid mice were <*tained from the F x 
Chase Cancer Center Laboratory Animal Facility. 2.5 x 10* SK-OV-3 cells in log phase 
were implanted s.c. on the abdomens of the mice. After about 7 weeks the tumors had 
achieved sizes of 10&-200 mg and Lugol's solution was placed in the drinking water to 
block thyroid accumulation of radioiodine. Three days later, biodistribution studies were 
initiated. *^-C6.5 sFv was diluted in PBS to a concentration of 0.2 mg/ml and each 
mouse was given 100 /aL, containin^20 fig of radiopharmaceutical, by tail vein 
injection. Total injected doses were determined by counting each animal on a Series 30 
multichannel analyzer/probe system (probe modd #2007, Canabcrra, Meridian, CT). 
Blood samples and whole body counts of the mice were obtained at regular intervals. 
Giuups of 8 mice wcic sacrificed at 24 b afi^ injecucm and the tumors and organs 
removed, weighed and counted in a gamma counter to determine the %ID/g (Adams et 
al. (1993) JMpro. ; Adams ei al. (1992) Antibody Inmumocofff. and Radiopharm., 5: 
81-95). The mean and standard error of the mean (SEM) for each group of data were 
calculated, and T:0 ratios determined. Significance levels were determined using 
Students t-test. 

For the radioinununoimaging studies, tumor-bearing sdd mice were 
injected with 100 iig (100 ^) of "»I<:6.5. At 24 houn after injection, the mice were 
euthanized by asphyxiation with COj and images were acquired on a Prism 2000XP 
ganmia camera (Picker, Highland Heights, OH 44142). Preset acquisitions of 100k 
counts w^ used. 
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fiKUltS 

After f ur rounds of selection, 9/190 cl nes analyzed by EUSA expressed 
sFv which bound c-cxbB-2 ECD (EUSA signals greater than 0.4, 6 times higher than 
background). After five rounds of selection, 33/190 clones expressed c-erbB-2 binding 
sFv. PGR fingerprinting of the 42 positive clones identified two unique restriction 
patterns and DNA sequencing of 6 clones from each pattern revealed two unique human 
sFv sequences, C4.1 and C6.5 (Table 6). The Vh gene of C6.5 is from the human V«5 
gene fimuly, and the gene from the human Vx fiunily (Table 6). The gene appears 
to be derived from two different gennline genes (HUMLV122 and DPL 5) suggesting the 
occurrence of PGR crossover (Table 6). The Vh gene of C4.1 is from the human V„3 
fenuly, and the Vi, gene from the human V^S fimiily (Table 6). C4.1 and C6.5 both 
bound c-erbB-2 specifically, as detmnined by bt ts a against the relevant antigen and a 
panel of irrelevant antigens. However, when biotinylated c-eibB-2 ECD was bound to 
avidin coated plates and used in EUSA assays, the signal obtained with C6.5 was 6 
times highCT than observed when c-abB-2 ECD was absorbed to polys^rcne (1.5 vs 
0.25). In contrast, C4.1 was not c^>able of binding to biotinylated c-eibB-2 ECD 
captured on avidin microtitre plates. Additionally, biotinylated and iodinated C6.5, but 
not C4.1, bound SK-BR-3 cells overexpressing c-eibB-2. These results indicate that 
C6.5 binds the native c-erbB-2 expressed on cells, but C4 binds a denatured epitope that 
appears when the antigen is adsorbed to polystyrene. 

C6.5 was purified in yields of 10 mg/L of £. cott grown in shake flasks 
and gd filtration analyas indicated a single peak of approximately 27 K;. The Kj of 
purified C6.3 was determined using both surface plasmon resonance in a BIAcore and by 
Scatchard. The K< determined by BIAcore (1.6 x 10* M) agreed closely to the value 
determined by Scatchard (2.0 x 10* M) (Table 7). Kinetic analysU by BIAcore indicated 
that C6.5 had a rapid on-rate (k^ 4.0 x 10*M >s-») and a rapid off-rate (k^ 6.3 x 10^s-») 
(Table 2). CeU retention assay confirmed that C6.5 dissociated rapidly from the cell 
sutfece (Table 2). 

After injection of •**I-C6.5 into scid mice bearing SK-OV-3 tumors, 1.47% 
ID/gm of tumor was retained after 24 hours (Table 7). Tumonnormal organ values 
ranged from 8.9 (tumonkidney) to 283 (tumonmuscle). These values were higher than 
values observed for 741F8 sFv, produced from a murine monoclonal antibody (K^ = 2.6 
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X 10^ M. The high T:0 rati s resulted in the highly specific visualization f the tumor 
by ganuna scintigraphy using "*I-labelled C6.5. 



Table?. Oiaracterizatioii of aiiti-cerbB-2 sFv species. Characteristics of the murine 
anti-c-erbB-2 sFv, 741F8, and the human sFv C6.5 are compared. The afiSnity and 
dissociation constants were detomined by Scatchard plot analysis, unless otherwise 
stated. Dissociation from c-«rbB-2 positive (SK-OV-3) cells was measured in an in vitro 
Uve ceU assay. The percentage of injected dose per gram (%ID/g) tumor M and tumor 
to organ ratios were determined in biodistribution studies performed in separate groups 
of sdd mice (n« 10-14) bearing SK-OV-3 tumors overexpressing c-erbB-2. SEM are < 
35% of the as s onate d values a = significantly unproved (p<0.05) compared to 741F8 



Parameter 


1 741F8 


C6.5 


Kd(BIAcorc) 






Kd (Scatchard) 




Z.lXlO^M 


(BIAcore) 






k«ff (BIAcore) 






% associated with cell surface at IS min 


32.796 


60.6% 


% associated with cell surface at 15 min 


8.6% 


22.2% 


%ID/g Tumor 


0.8 


1.0 


T:Blood 


14.7 


22.9 


TrKidney 


2.8 


5.6a 


T:Iiver 


14.2 


22.3 


TrSpleen 


10.3 


34.1 


T:Intestine 


2S.0 


29.7 


T:Lung 


9.4 


15.8 


TrStomach 


8.9 


11.1 


TrMusde 


78.8 


158.7 


T:Bone 


30.0 


102.7 
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I sotatioB Qfm AfTinifYMoBomerir Hmimn AntUc^r ^j p gi^ chuin l ^J^^ 

Affinitv DrivPt. „<?f]f^jffp 

Materials and Mrfhn.ic 

Construction of heavy chain shawled libraries 

To fadUtale heavy chain shuffling, libraries were constructed in pHEN-1 
(Hoogenboom et al. (1991) Nucleic Adds Res. 19, 4133^137) containing human V„ 
gene xq)ertoires (FRl to FR3) and a doning site at the end of V„ FR3 for inserting the 
Vh CDR3, V„ FR4, linker DNA and light chain from binding sFv as a BssHH-Notl 
fragment To create the Hbiaries three Vh gene repertoires cniidied for human VhI. 
Vh3, and Vh5 gene were amplified by PGR using as a template single stranded DNA 
prepared from a 1.8 x 10» member sFv phage antioody library pHEN-1 (Marks et al 
(1991) 7. Mol. Biol, 222: 581-597). For PGR. 50 ^ reactions were prepared containing 
10 ng template, 25 pmol bade primer (LMB3), 25 pmol forward primer (PV„1F0R1 
PVh3F0R1, or PV„5F0R1). 250 «M-dNm. 1 mM MgQ,, and 0.5 ^1 (2 units) Ta^ 
DNA polymerase (Promega) in the manufecturer's buffer. Primers PVHlForl, 
PVH3Forl, and PVH5Forl were designed to anneal to the consensus VhI, vJ, or, Vh5 
3' FR3 sequence respectivdy (Tomlinson et al. (1992) J. Mol Biol 227, 776^798; see 
Table 18). TTie reaction mixture was subjected to 25 cydes of amplification (94»C for 
30 sec. 55 -C for 30 sec and 72 -C for 30 sec) using a Hybaid OmniGene cycler. THe 
products were gd purified, isolated from the gd using DEAE membranes, duted from 
the membranes with high salt buffer, ethanol predpitated , and resuspended in 20 m1 of 
water (Sambrook et al. (1990)). 

The DNA ftagments from the first PGR were used as templates for a 

second PGR to introduce a BssHH site at the 3'-end of FR3 followed by a NotI site. Hie 
BssHH site corresponds to amino add residue 93 and 94 (Kabat numbering (Kabat « a/ 
(1987) Sequences qf proteins ofimmmological interest, 4th ed.. US Department of 
Health and Human Services. PubUc Health Service, Bethesda, MD; see. Table 5 in this 
reference) does not diange the amino add sequence (alanine-argininc). PGR was 
performed as described above using 200 ng purified first PGR product as template and 
the back primers PV„lFor2,PV„3For2, and PV«5Foi2. Hie PGR products were 
purified by extraction with phenoydaoroform. predpitated with etonol„ resuspended m 
S© M « aEd S m Rested with NotI and Ncol. He digested fragments were gd 
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purified and each Vh gene repertoire ligated separately into pHEN-1 (Hoogenboom et al. 
1991 siq>ra.) digested with Nofl and Ncol. The ligation mix was purified by extraction 
with phenol/chloroform, ethanol precipitated, resuspended in 20 /d water, and 2.5 id 
samples electroporated (Dower et al. (1988) Nucleic Adds Res. 16, 6127-6145) into 50 
Ml E. coJi TGI (Gibson et al (1984) Ph.D. Thesis, University of Cambridge). Cells 
were grown in 1 ml SOC (Sambrook er «/. 1990) for 3 min and then plated on TYE 
(Miller (1972) Experiments in Molecular Genetics Cold Springs Harbor Lab Press, Cold 
Springs Harbor, New York) media containing 100 /ig ampidllin/ml and 1% (w/v) 
glucose (TYE^AMP-GLD). Colonies were scraped off the plates into 5 ml of 2 x TY 
broth (Miller (1972), supra) containing 100 /tg ampidllin/ml, 1% glucose (2 x 
TY-AMP-GLU) and 15 (v/v) glycerol for storage at -70'C. The cloning efficiency and 
diversity of the libraries were determined by PGR screening (Gussow and Oackson 
(1989) Nucleic Acids Res. 17, 4000) as described (Maries et al. (1991), ag>ra). The 
resulting phage libraries were termed pHEN-1-VHlrtp, pHEN-I-VhSiq) and 
pHEN-l-VH5rBp. 

Three sqxuate C6.5 heavy chain shufOed phage antibody libraries were 
made from the pHEN.l-V„lrq), pHEN-l-V«3r^, and pHEN-l-V„5rq, phage libraries. 
The C6.5 light chain gene, linker DNA, and Vh CDR and FR4 were amplified by PGR 
from PHEN-1-C6.5 plasmid DNA using the primers PC6VLlBack and fdSEQl. The 
PGR reaction mixtures were digested with BssHH and Nofl and ligated 
in^HEN.l-V„lrq), pHEN-l-VHSrq), and pHEN-l.V„5rq> digested with Not! and 
BssHIL Transformation and creation of library stocks was as described above. 

Construction cf light chain shuffled libraries 

To fedUtate light chain shuffling, a library was constructed in PHEN-1 
containing human and goie n^jertoircs, linker DNA, and doning sites for 
inserting a V„ gene as an NcoI^XhoIftagment. An Xhol can be encoded at the end of 
FR4 without dianging the amino add sequence of residues 102 and 103 (serine-serine) 
(Kabat et al. Sequences of proteins of immunological interest, 4th ed. U.S. Dept. Health 
and Human Services, Public Health Services, Bethesda, MD (1987)). To create the 
library, a V, and gene repertoire was amplified by PCR fiom a 1 . 8 x 10« member sFv 
phage antibody Ubrary in pHEN-1 (Marks et al. (1991). supra). PCR was performed as 
Caseiibed above WMg W template, 25 pmol Back primer CEJHl/2/6Xho, UHSXho, 
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oRJH4/5Xho) and 25 pmol foiward primer (fdSEQl). The back prinu« were designed 
to anneal to the fim 6 nudeotidcs of the (G4S) linker aiMleithtt 6.J„3,orJ„ 
4,5 segments respectively. The PGR reaction mixture was purified as described above. " 
digested with Xhol and Nofl, gd purified and ligated into pHEN-V.SSl (Hoogenboora' 
and Winter (1992) /. Mol Biol. 227, 381-388) digested with Xhol and Notl. 
Transformation of E. coU. TGI, PGR screening, and creation of Hbrary stocks was as 
described above. The resulting phage Ubrary was termed pHEN-l-VLrep. 

The light chain shuffied phage antibody library was made for 
PHEN-I-V^rep. The C6.5 V„ gene was amplified by PGR ftom pHEN-l-C6.5 plasmid 
DNA using the primers PC6VHlFor and LMB3. Tlie PGR reaction mixtiare was 
purified, digested with Xhol and Ncol, gd purified and ligated into pHEN-1-Vi.rep 
digested with Xho and Ncol. Transformation of £. coU TGi, PGR screening, and 
creation of library stocks was as described above. 

Construction ofsFv containing highest and gene obtained by chain 

sht^gVng 

Two new aFv were made by corabinii^g die gene of tiie highest affinity 
light chain shuffled sFv (C6L1) witi, the V« gene of the highest affinity heavy d«in 
shuffled SFv (C6H1 or G6H2). n»e C6L1 plasmid was digested with Ncol and Xhol to 
remove die C6.5Vh gene and gd purified. The V„ gene of C6H1 or G6H2 was 
amplified by PGR using the primers LMB3 and PC6V„lFor. digested witii Ncol and 
Xhol and ligated into the previously digested C6L1 vector. Qones were screened for the 
presence of the correct insert by PGR fingeiprinting and confirmed by DNA sequendng. 

Preparation of phage 

To rescue phagemid partides from the libraries, 10 ml of 2 
TY-AMP-GLU were inoculated witit an appropriate volume of bacteria (approximately 
50 to 100 ;d) from die library stod^s to give an A«, of 0.3 to 0.5 and grown for 30 min 
shaking at 37'C. About 1 x plaque-forming units of VCS.M13 (Stratagene) 
partides were added and the mixture incubated at 37-C for 30 min witi»out shaking 
foUowed by incubation at 37-G for 30 min widi shaking. Gdls were spun down, 

lesuspended in 50 ml 2 xTY broth containing 100 /igampidllin/ml and 50 Mg ' 

Isaaffiyds/joa p ^ TY-AMP-KAi»J), a^d grown ©vemighj, shaking aa 2S°G. Phage 
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particles were purified and concentrated by two PEG-predpitations (Sambrook et al., 
1990), resuspended in 5 ml phosphate buffered saline (25 mM NaH2P04, 125 mM NaQ, 
pH 7.0, PBS) and filtered through a 0.45 u filter. The phage preparation consistently 
resulted in a titre of proximately 10" transducing units/ml ampidllin-resistant clones. 

Selection of phage antibody libraries 

The light chain shuffled library was selected using immunotubes (Nunc; 
Maxisorb) coated with 2 ml c-«tbB-2 ECD QS /tg/ml) in PBS overnight at room 
temperature (Marks et al. (1991) stq)ra). The tube was blocked for 1 h at 3TC with 296 
skimmed milk powder in PBS (2% MPBS) and the selection, washing, and dution were 
performed as described (Marks et aL (1991), siqtm) uang phage at a concentration of 
5.0 X lO'Vml. One third of the dated phage was used to infect 1 ml log phase E. coU 
TGI, which were plated on TYE-AMP-GLU plates and described above. The 
rescue-sdection-plating cyde was repeated 3 times, after which dones were analyzed for 
binding by ELISA. 

All libraries were also sdected usiog biotinylated c-ert)B-2 ECD and 
strq)tavidin-coated paramagnetic beads as described (Hawkin et al. (1992) /. Mol. Biol 
226, 889-896) with some modifications. To prepare biotinylated antigoi, 0.2 ml 
c-eibB-2 ECD (1 mg/ml) was incubated with 5 mM NHS-LC-Biotin (Pierce) overnight at 
4*C and then purified on a presto desalting column. For each round of selection, 1 ml 
of phage (approximatdy 10" tu.) were mixed with 1 ml PBS containing 496 skimmed 
milk powder, 0.05 % Tween 20, and biotinylated c-cibB-2 ECD. AfiBnity-driven 
sdections were poformed by decreasing the amount of biotinylated c-eibB-2 ECD used 
for selection. Two sdection schemes were used. 

In sdection scheme 1 (SI) antigen concentrations of lOnM, 50 nM, 10 
nM, and 1 nM were used for sdection rounds 1, 2, 3, and 4 respectivdy. In sdection 
scheme 2 (S2) antigen concentrations of 40 nM, 1 nM, 100 pM, and 10 pM were used 
for selection rounds 1, 2, 3, and 4 respectivdy. The mixture of phage and antigen was 
gently rotated on an under-and-over-tumtable for 1 hour at room tenq)erature. To 
capture phage binding biotinylated antigen, streptavidin coated M280 magnetic beads 
(Dynabeads, Dynal) were blodmd with 296 MPBS for 1 h at 37"C, and then added to the 
mixture of phage and antigen. In SI, 200 /il (round 1), 100 /d (round 2) or 50 fi\ 
{msMs, 3 aad 4) ®f beads wer© keabated with the phage-antigai mixture for 15 wm. 
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rotating oo an under-and-over-tumtable at room tempearature. In S2, 100 /il (round 1) r 
50 id (rounds 2, 3, and 4) of beads were incubated with the phage-antigen mixture for 15 
min (round 1), 10 min (round 2), or 5 min (rounds 3 and 4). After capture of phage, 
Dynabeads were washed a total of 10 times (3 x PBS containing 0.05% Tween 20 
(TPBS), 2 X TPBS containing 2% sldmmed milk powder, x PBS, 1 x 2%MPBS, and 2 x 
PBS) using a Dynal magnetic particle concentrator. Hie Dynabeads were resuspended in 
1 ml PBS, and 300 /a were used to infect 10 ml tog phase £. cott TGI which were 
plated on TYE-AMP-GLU plates. 

Initial sFv diaracterization 

Initial analysis of chain shuffled sFv clones for binding tc-eibB-2 was 
performed by ELISA using bacterial supernatant containing expressed sFv. Expression 
of sFv (De Bellis and Schwartz (1990) NucMc Adds Ses. 18, 1311) was performed in 
96 well microtitre plates as described (Marks et al. (1991), iip/a) with the following 
exception. After overnight growth and expression at 30»C, 50 fd 0.5% Tween 20 was 

added to each weU and the plates incubated for 4 h at 37«C with shaking to induce 
bacterial lysis and increase the concentration of sFv in the bacterial supernatant. For 
selection performed on Immunotubes, ELISA plates (Falcon 3912) were incubated with 
c-abB-ECD (2.5 fig/ml) in PBS at 4»C overnight. For selections performed with 
btotinylated protein, Immunolon 4 plates (Dynalech) were incubated overnight at 4»C 
with Immunopure avidin (10 Mg/ml in PBS; Pierce). After washing 3 times with PBS to 
remove unbound avidin, weUs were incubated with biotinylated c-eibB-2 ECD as in 
Example 1. In both cases, binding of sFv to c-eibB-2 ECD was detected with the mouse 
monoclonal antibody 9E10 (1 Mg/ml), which recognizes the C-terminal pqjtide tag 
(Mumo and Pelham (1986), CeU 46, 291-300) and peroxidase<onjugated anti-mouse Fc 
antibody (Sigma), as described (Marks et al., 1991, si^ra). Selected binders were 
further characterized by sequencing of the V„ and V,. genes (Sanger et al. (1977) Proc. 
Natl. Acad. Sci. USA. 74: 5463-5467). Sequence data has been deposited with the 
OenBank Data library. 

Screening of sFv for relative affinity was performed essentiaUy as 
described (Friguet et al. (1985) J. Immunol. Meth. 77: 305-319). Immunolon 4 ELISA 
plates (Dynatech) were coated with avidin in PBS (10 ng/ml) at 4»C overnight, 
liotiaylated BOD {S gig/ml) was added to tte weBs and incubated for 30 min aJ 
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room temperature. Bacterial supernatant containing sFv was incubated with varying 
concentrations of c-crbB-2 (0 to 100 nM) at 4»C for 1 h. The amount of free sFv was 
then determined by Hansfening 100 ^ of each mixture into the wells of the previously 
prepared ELBA plate and incubating for Ih at 4»C. Binding of sFv was detected as 
under ELBA screening and the IC50 calculated as described (Friguet et ai. (1985), 
supra) 

Screening of sFv by dissociation rate constant (k^ was performed using 
real-time biospedfic interaction analysis based on surface plasmon resonance (SPR) in a 
BIAcorc (Pharmacia). Typically 24 ELISA positive clones ftom each of the final two 
rounds of selection were screened. A 10 ml culture of £ coU TGI containing the 
appropriate phagemid was grown and expression of sFv induced with IPTG (De Bdlis 
and Sdiwartz, 1990). Cultures were grown oveniight ai 25-C, sFv harvested ftom the 
periplasm (Breitling et at. (1991) Gene 104, 147-153), and the periplasmic fraction 
dialyzed for 24 h against HEPES buffered saline (10 mM Hepes, 150 mM NaQ, pH 7.4. 
HBS). In a BIAcore flow ceU, approximately 1400 resonance units (RU) of c-erbB-ECD 
(25 Mg/ml) in 10 mM acetate buffer pH 4.5 were coupled to z CMS sensor chip 
(lohnsson et al. (1991) AnaJ. Biochem. 198. 268-277). Association and dissociation of 
undiluted sFv in the periplasmic ftaction was measured under a constant flow of 5 
Ml/min. An apparent dissociation rate constant (k;^ was determined ftom the 
dissociation part of the sensotgram for each sFv analyzed (Karisson et al. (1991) /. 
InmmoL Methods 145. 229-240). Topically 30 to 40 samples were measured during a 
single BIAcore run, with C6.5 periplasmic preparations analyzed as the first and final 
samples to ensure stabiUty during the run. The flow ceU was regenerated between 
samples using 2.6 M MgQ, in 10 mM glycine, pH 9.5 without significant change in the 
sensorgram baseline after analysis of more than 100 samples. 

Subcloning, expression and purification of Single-chain Fv. 

To facilitate purification, shuffled sFv genes were subcloned (Example 1) 
into the expression vector pUCl ISfi-NotmycHis. which results in the addition of a 
hexa-histidinetagattheC-terminalendofthesFv. 200 ml cultures of TCI 
harboring one of the C6.5 mutant phagemids were grown, oqiression of sFv induced 
with IPTG (De Bellis and Schwartz (1990) , si^ra) and the culture grown at 25 «C 
®¥emight Sijigl&^Fv was harvested ftom the periplasm (Breitling si. 
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supra) dialyzed overnight at 4»C against 8 L of IMAC loading buffer (50 mM sodium 
phosphate, pH 7.5, 500 mNaQ, 20 mM imidazole) and then filtered through a 0.2 
micron filter. 

Single-chain Fv was purified by immobilized metal affinity 
chromatography (IMAQ (Hochuli et aJ. (1988) Bio/Tedmology, 6, 1321-1325) as 
described in Example 1. To remove dimeric and aggregated sFv, samples were 
concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and fiactionated on a 
Supeidex 75 column using a running buffer of HBS. The purity of the final prq)aration 
was evaluated by assaying an aUquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining. The concentration was determined spectrpphotometricaUy assuming 
an nm of 1.0 corresponds to an sFv concentration of 0.7 mg/ml. 

Measurement of affinity, kinetics, and cell surface retention 

The of light chain shuffled C6.5 mutants isolated from phage selection 
using Lnmunotubes (Nunc) were determined by Scatchaid analysis. All assays were 
performed in triplicate. Briefly, 50 mg of ladioiodinated sFv was added to 5 x 10" 
SK-OV-cdls in the presence of increasing concentrations of unlabeled sFv from the same 
prqaration. After a 30 minute incubation at 20«C, the samples were washed with PBS 
at 4''C and centrifuged at 500g. The amount of labeled sFv bound to the cells was 

detennined by counting the pellets in a ganmia counter and the K. and K, were calculated 
using the EBDA program (V 2.0, G.A. McPherson. 1983). The K, of all the other 
isolated sFv were determined using sur£u» plasmon resonance in a BIAcore (Pharmacia) . 
In a BIAcore flow ceU, approximately 1400 resonance units (RU) of c-crbB-2 ECD (25 

/*g/ml in 10 mM sodium acetate, pH 4.5) was coupled to a CMS sensor chip (Johnsson 
et al. (1991), ji^pra). Association and dissociation-rates were measured under continuous 
flow of 5 ml/min using a concentration range from 50 to 800 nM. Rate constant k„ was 
determined from a plot of a(dR/dt))/t vs concentration (Karlsson et al. (1991), supra). 
Kate constant was determined from the dissociation part of the sensoigram at the 
highest concentration of sPv analyzed. Cell surface retention of C6.5 and C6L1 was 
determined as described in Example 1. 
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Modeling of location o/mutations 

The location of mutations in shuffled sFv was modeled on the structure of 
the Fab KOL (Marquart a al. (1980) J. Mol Biol 141, 369-391) using Maclmdad v5.0 
(Molecular Applications Group. Palo Alto. CA) running on an Apple Macintosh Quadra 
650. 



BfiSlItS 

Construction qfsfaffied phage antibody libraries 

To fedUtate heavy chain shuffling, libraries were constructed in pHEN-1 
(Hoogenboom et al, (1991). siq>ra) containing human Vh gene iq)ertoirBS (FRl to FR3) 
and cloning sites for inserting the V„ CDR3FR4, single chain linter, and light chain 
g«iefeomabindingsFvasaBssHH-NotIfiagmeni. Tnree heavy chain shuffling 
libraries were created (pHEN-l-VHlrq,, pHEN-I-VhSiq). and pHEN-LVHSrep). each 
enriched for VhI . V„3. or V„5 genes by using PGR primers designed to anneal to the 
consensus sequence of the 3' end of VhI. V^S. or VhFR3 (Tomlinson et al. (1992). 
supra). These primers also introduced a BssHH site at the end of FR3, without ch^ging 
the amino add sequence typicaUy observed at these residues. libraries of 5 Ox IC 
dones for pHEN.l.V„lrep. 1.0 x 10* dones for pHEN-l-V^Sr,^ and 1.5 x Itfi dones 
for pHEN.l.V«5rq, were obtained. Analysis of 50 dones from each library indicated 
that greater than 8056 of the dones had inserts, and the libraries were diverse as shown 
by the BstNI restriction pattern (Marks et al. (1991). s^ra). Three heavy d«in shuffled 
Iibranes were made by doning the C6.5 Vh CDR3 , ER4. linker, and light duiin genes 
mto the previously created VhI . Vh3. or Vh5 rtpertoire using the BssHH and NotI 
lestridion sites. After transformation, libraries of 1.0-2.0 x 10« dones were obtained 
PGR screening revealed that 10056 of dones analyzed had full length insert and divert 
BstNI restriction pattern. Prior to sdection, 20/92 dones sdeded at random ftom the 
V,^ library expressed SFv whidi bound c^B-2. 0/92 dones sdected at random from 
the VhI or Vr rq)ertoire expressed sFv which bound c-erbB-2. 

To fedUtate light diain shuffliAg, a library was construded in pHEN-1 
containing human V, and V. gene rq«toires. single diain linker DNA. and doning sites 
for mserting the Vh gene from binding sFv as an Ncol-Xhol ftagment. Tbt resulting 
library (pHEN-l-V^) consisted of 4.5 x 10* dones. PGR scre«u„g sealed that 95% 
©fetoaaalyzedkadmiaigtiiiasert and a diverse IstMrestri^^ ASgfes 
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Chain shuffled library was made by cloning the C6.5 V„ gene into pHEN-l-V.n5,. After 
transformation a Ubrary of 2.0 x 10« clones was obtained. PCX screening revealed that 
10096 of clones analyzed had full length insert and a diverse BstNI restriction pattern. 
Prior to selection, 0/92 clones selected at random expressed sFv which bound c-erbB-2. 

halation and diaraaerization of higher i^mty tight chain shuffled scF 

m a first approach to increase affinity, c-erbB-2 ECD coated polystyrene 
tubes were used for selecting the light chain shuffled library. Phage weie subjected to 
three rounds of the rescue-selection-infection cycle. One hundred and eighty clones fiom 
the 2nd and the 3rd round of selection were analyzed for binding to recombinant 
c^B-2 ECD by ELBA. After the 3rd round of selection, greater tiu« 50% of the 
clones WCTe positive by EUSA (Table 8). 
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pM; k» 3. 0.1 nM; rd 4, 0.01 nM) 
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Table 9. ICjoandKa f C6.5sFv and 4 diain shuffled mutant sFvs* ICjowas 
determined by competition ELBA and Kj by Scatchard after radioiodination. 



sFv 


IC„(M) 




C6.5 


2.0 X 10^ 


2.0 X 10* 


C6VLB 


1.0 X ia» 


3.0 X 10* 


C6VLD 


5.8 X ia» 


2.6 X 10* 


C6VLE 


2.8 X 10-' 


7.1 X 10* 


C6VLF 


7.5 X 10* 


7.9 X 10* 
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Positive clones were nuked by ICjo as deternuned by competition EUSA 
(Table 9). Sixteen sFv with IQoS less than the IC«, f the parental sfv were sequenced 
and four unique DNA sequences identified CTable 10). These clones were purified by 
IMAC after subcloning into PUC119SFI/NotmycHis. and the affinity determined by 
Scatchard analysis. 

Despite their lower IC^oS, none of these 4 sfv had a higher affinity for 
c-cibB-2 (Table 9). Gd filtration analysis of the four purified sfv demonstrated the 
presence of two species, with size consistent for monomeric and dimeric sfv. In 
contrast, the paraital sFv existed only as monomer. 

As a result of these observations, it was hypofliesized that selection on 
immobilized antigen fiivored tiie isolation of lower affinity dimeric sFv which could 
achieve a higher apparent affinity due te avidify. In addition, determination of IQo by 
inhibition EUSA using native sFv in periplasm did not successfiilly screen for sFv of 
higher affinity. To avoid the selection of lower affinity dimeric sFv, subsequent 
selections were performed in solution by incubating the phage witij biotinylated c-ert)B-2 
ECD, followed by c^ture on stiqitavidin coated magnetic beads. To select phage on the 
basis of affinity, the antigen concentration was reduced each round of selection to below 
the fimge of die desired sFv ^ (Hawkins et al. (1992), supn). To screen EUSA 
positive sFv for improved binding to c-eibB.2, a BIAcore was used. Periplasm 
preparations containing unpurified native sFv can be applied directiy to a o^B-2 coated 
BIAcore fiow cdl, and the k^ determined from the dissociation portion of the 
sensoigram. TTiis pennitted ranking die chain shuffled dones by k^. Moreover, by 
plotting In (Rn/Ro) vs t, die presence of multiple k^ can be detected, indicating the 
presence of mixhires of monomeric and dimeric sFv. This strategy of selecting on 
antigen in solution, followed by BIAcore screening of EUSA positive sFv, was used to 
isolate higher affinity diain shuffle mutants. 

The light chain shuffled library was subjected to four rounds of sdection 
on decreasing soluble antigen concentration (100 Nm, 50 Nm, 10 Nm, and, 1 Nm). In a 

separate set of experiments, the 4 rounds of sdection were performed using 40 nM. 1 
nM, 0.1 nM, and 0.01 nM antigen concentration. Using die higher set of antigen 
concentrations for sdection, 13/90 clones were positive for c-erbB-binding by EUSA 
after die 4di round of sdection. In die BIAcore, 42« of diese dones had a slower 1^ 

fe. ^ pa^siid sFv. Uakg iks Iswe- sei @f aatigai concentrations for selection, more 
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dones were positive for c-ert>B-2 binding by ELBA (62/90) after the 4th round f 
selection, and 84% had a slower than the parental sFv. Sequencing of the gene of 
ten of these sFv revealed one unique sFv (C6L1) (Table 10). The gene of C6L1 was 
derived from the same germline gene as the parental sFv, but had 9 amino add 
substitutions. The C6L1 gene was subdoned and the sFv purified by IMAC and gd 
mtiation. C6L1 sFv was monomeric as determined by gd filtration and had an affinity 6 
times higher than parental (Table 11). The increased affinity was due to both a faster k„ 
and a slower (Table 11). Hie slower was assodated with a three fold increase in 
the retention of sFv on the surface of SK-OV-3 cdls a8% at 30 minutes for C6L1 
compared to 1096 at 3 minutes for the parental sFv). 



Tdjie ll, Arties and bmding!dneticsefc=cibB-2 binding Sinel&^hainFv K. k_ 
and were determined by surface plasmon resonance in a BIAcwe. CombiiledSiMlfi. 
Cham Fv resdt from combining the V. of C6L1 with the V.. of ^ Q^iTc^ 



Pare 



sFv source and done name 



Parental C6.5 



K,(M) 



1.6x10* 



1 



4.0 X 10* 



6.3 X la' 



Light Chain Shuffled C6L 



2.6 X 10* 



7.8 X 10* 



2.0 X 10» 



Heavy Chain Shuffled 

C6H1 

C6H2 



5.9 X 10* 
3.1 X 10* 



1.1 X 10* 
8.4 X 10* 



6.2 X 10» 
2.6 X 10» 



Combined sFv 

C6H1L1 

C6H2L1 



1.5 X 10* 
6.0x10* 



4.1 X 10* 
3.0 X lO* 



6.2 X 10» 
1.8 X 10' 



Isolation and characterization of Hgher infinity heavy chain shffled sqf. 

The Vb5 heavy diain shuffled library was subjected to four rounds of 
sdection on decreasing soluble antigen concentration (100 Nm, 5nM, 10 Nm, and, 1 

Nm). In a separate set of experiments, the rounds of sdection were performed u^g 40 
Nm. 1 Nm. 0.1 Nm, and 0.01 Nm antigen concentration. Using the higher set of 
antigen concentrations for sdection, 56/90 dones were positive for c^B-binding by 
EUSA after the 4ai round of selection. None of these dones. however, had a slower Kn 
than the parental sFv. Using the lower set of antigen concentrations for sdection, more 
clones were positive for c^B-2 binding by EUSA (82/90) after the 4tii round of 
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from either the VhI or V„3 shuffled libraries. Sequencing f the Vh gene of all slower 
Kb clones revealed two unique sFv, C6H1 and C6H2 (Table 12). The Vh genes of 
C6H1 and C6H2 were derived from the same germline gene as the parental sFv, but 
differed by 7 and 9 amino adds respectively. CfiHl also had a stop codon in the heavy 
chain CDRl and was expressed as a Pm fusion due to read through, albeit at very low 
levels. The two sFv were subcloned and purified by IMAC and gel filtration. Both sFv 
were monomeric as determined by gel filtration C6H1 had 3 fold high» affinity for 
c-crbB-2 than C6.5 and C6H2 had 5 fold higher affinity than C6.5 (Table 11). The 
Increased affinity of C6H(5.9 x 10* M) was due to a fester 1^, wheieas the increased 
afBnity of C6H2 (3.1 x K^* M) was due to both a fester and slower (Table 11). 

Location ofmm&ions in dudn ski^ffled scf 

Mutations in diain shuffled sFv were modeled on the Fv ficagraoit of the 
immunoglobulin KOL (Marquart cf a/. (1980), aqtra) (Figures 2 and 3). KOL was 
selected as the model because U has a gene derived ftom the same femily as C6.5, 
and a Vh gene with the same length CDR2. Mutations in higher affinity sFv were located 
both in surfece readues at the antigen combining site, as well as residues located fer 
ftom the binding site (Figure 2). Excq)t for two conservative mutations in Vr 
ftamework 3 (V89M and F91Y), no mutations were located in residues which form the 
two 5 stranded B-sheets that form the V^W^ interfece (CSiothia et al. (1985) J. Mol. 
Biol 186, 651-663) (figure 2 and Tables 10 and 12). In contrast, all 4 light chain 
shuffled sFv which formed mixtures of monomer and dimer had mutations in residues 
which formed the B-sheet that packs on the Vh domain (Table 4 and Figure 3). 
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Affinities g^fffV remmne from romhimn^ hi^h^r ^ ep^j t^ „„ ^ P ^rrrr 

obtained hv rhnin fynffljji^^ 

In an attempt to further increase afBnity, shuffled Vh and genes from 
higher affinity sFv were combined into the same sFv. Combining the gene from 
C6L1 with the V„ gene from C6H1 resulted in an sFv (C6H1L1) with lower affinity than 
either C6L1 or C6H2 CTable 11). No additional reduction in was achieved, and the 
k, was reduced approximately 2 fold. Similarly, combining the gene from C6L1 

with the Vh gene from C6H2 resulted in an SFv (C6H2L1) with lower affinity than C6L1 
orC6H2(Tablell). No additional reduction in was achieved, and the k. was 
reduced approximately 2 fold. Thus, in both instances, combining the independenUy 
isolated higher affinity Vh and V, genes had a negative effect on affinity. 

froduCtion of Higher Afffi^ftY Mltflnfi 

In order to prqare higher affinity mutants derived from C6.5 part Of the 
light chain and heavy chain CDR3 were sequcntiaUy randomized. The C6.5 VL 

was modified by randomizing teh sequence AAWDDSLSG. The heavy chain CDR3 
domain was randomized. The variable heavy chain CDR3 was randomized 4 amino 
adds at a time: m other words, the CDR3 sequence of HDVGYCSSSNCAKWPEYFQH 
was modified by randomizing SSSN (library B), DVGY (Ubrary A), AKPE (library Q 
and YFQH (library D) SSSN, AKPE and YFQH respectively as described below. 

I. Material and MrthnH* 

Construction qf phage antibody libraries 

As explaimid above, mutant sFv phage antn)ody libraries were constructed 
based on the sequence of C6.5, a human sFv isolated from a non-immune phage antibody 
library which binds to the tumor antigen c-crbB-2 with a Kd of 1.6 x 1(^ M (see 
Example 1). For construction of a library containing V^CDRS mutants, an 
oUgonucleotide (VLl; Table 18) was designed which partially randomized nine amino 
add residues located in V^ CDR3 CTable 4, above). For the nine amino adds 
randomized, the ratio of nudeotides was diosen so that the frequency of wild-type (wt) 
amino add was 49%. 
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To create the library, C6.5 sFv DNA (10 ng) was amplified by PCR in 50 
fd reactions containing 25 pmol LMB3 (Marks et td., 1991 J. Mol Biol 222: 581-597), 
25 pmol VLl, 250 yM dNTPs, 1.5 mM MgQi, and 1 /tl (5 units) Taq DNA polymerase 
(Promega) in the manufecturers buffer. The reaction mixture was subjected to 30 cycles 
of amplification (94°C for 30 s, 50»C for 30 s and 72»C for 1 min) using a Hybaid 
OmniGene cycler. 

To introduce a Noa restriction site at the 3' end of the sFv gene 
repertoire, the PCR fragment (850 bp) was gd purified and reamplified using the primers 
LMB3 and VL2 (Table 18). Hie PCR product was purified, digested with Sfil and Nofl, 
and ligated into pCANTAB5E (Pharmacia) digested with Sfil and Noa. 

ligation mixtures woe purified as previously described above and aliquots 
electroporated (Dower st aL (1988) Nuckic Adds Res.. 16: 6127«45) into 50 fA E. coli 
TQl (Gibson (1984) Studies on the ^stdn-Barr virus genome. PhD thesis, University of 
Cambridge). Cells were grown in 1 ml SOC (Sambrook et a/., (1990) siqtrtL) for 30 
min and then plated on TYE (Miller, J. H. (1972) Experiments in Molecular Genetics. 
Cold Springs Harbor Lab Press, Cold Springs Harbor, New York.) media containing 
100 ne ampidUin/ml and 1 % (w/v) glucose (TYE-AMP-Glu). Colonies were scraped 
off the plates into 5 ml of 2 x TY broth (Miller (1972) stgfra.) containing 100 /tg 
ampidllin/ml, 1% glucose (2xTY-AMP-Glu) and 15% (v/v) glycerol for storage at 
-70"C. The Cloning effidoicy and diversity of libraries was detmnined by PCR 
screening (Gussow & dackson (1989) Nucleic Acids Res. 17) exacUy as described in 
(Marks et al., (1991) si^ra.) and by DNA sequencing (Sanger et at. (1977) Proc. Natl 
Acad. Sd. USA, 74: 5463-7). The mutant phage antibody library was designated 
C6VLCDR3. 

Four libraries of V„ CDR3 mutants were constructed. For construction of 
each Vh CDR3 library, oUgonucleotides (VHA, VHB, VHC, and VHD; Table 18) were 
designed which completdy randomized four amino add residues located in Vg CDR3 
(amino add residues 96 to 99, library A; residues 100a to lOOd, Ubrary B; residues 
lOOf, lOOg, lOOi, and lOCj, Ubrary C; and residues 100k to H102, library D; Table 13). 
To create the libraries, DNA encoding the Vh gene of C6.5 sFv DNA (10 ng) was 
amplified by PCR in 50 /d reactions containing 25 pmol LMB3 (Marks et al., 1991) and 
25 pmol of dther VHA, VHB, VHC, or VHD exacfly as described above. The resulting 
mi ftagmeats were desigaatea YEAl, YSBl, ¥HCI, and ¥HD1, ^asec ©a the 
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mutagenic oligonudeotide used for amplification. In four separate PGR reactions, DNA 
encoding the light chain, sFv linker, Vg framework 4 (FR4), and a portion of V„ CDR3 
of C6ML3-9 was ampUfied by PGR as described above using the primers C6hisnot and 
either RVHA, RVHB, RVHC, or RVHD (Table 18). 

These amplifications yielded PGR ftagments VHA2, VHB2, VHC2, and 
VHD2. The 5* end of primers RVHA, RVHB, RVHC, and RVHD were designed to be 
complementaiy to the 5' ends of primers VHA, VHB, VHC, and VHD respectively. 
Hiis complementarily permits joining of the VHl and VH2 PGR ftagments together to 
create a full length sFv gene repertoire using splicing by overlap extension. To create 
the mutant sFv gene repertoires, 200 ng of each PGR ftagment (VHAl and VHA2, 
VHBl and VHB2, VHGl and VHG2, or VHDl and VHD2) were combined in 50 ml 
PGR reaction mixtures <as described above) and eyded seven times te jom the fragments 
(94»G for 30s, 60«G for 5s, 40»G for 5s (RAMP: 5s). 72'G for 1 min). After seven 
cycles, outer primers LMB3 and G6hisnot were added and the mixtures amplified for 30 
cydes (94«C for 30 s, 50«C for 30 s, 72«C for 1 min). Tlie PGR products were 
purified as described above, digested with Sfiland Nofl, and sqKuatdy ligated into 
PCANTAB5E (Pharmacia) digested with Sfil and Notl. TTie four ligation mixtures were 
purified as described above and etoctroporated into 50 Ml £. coff TCI. Ttansformed 
cdls were grown and plated, and libraries characterized and stored, as described above. 
The mutant phage antibody libraries were designated C6VHGDR3A, C6VHGDR3B, 
G5VHGDR3C, and GeVHCDR3D, 

Preparation <ff phage and selection of phage antibody libraries. 

Preparation of phage for sdection was performed exactly as described in 
Examples 1 and 2.. Phage particles were purified and concentrated by two 
PEG-predpitations (Sambrook et al., 1990), resuspended in 5 ml phosphate buffered 
saline (25 mM NaH^O*. 125 mM NaQ, pH 7.0, PBS) and filtered through a 0.45 m 
filter. AU libraries were selected using biotinylated c-erbB-2 ECD and 
strq>tavidin-coated paramagnetic beads M280 (Dynal) as described above. For sdection 
of the C6VLGDR3 library, c-eri)B-2 EGD concentrations of 4.0 x 10* M, 1.0 x lO* M, 
1.0 X ia«* M, and 1.0 x 10"" M were used for sdection rounds 1, 2, 3, and 4 
lespectivdy. TTie mixture of phage and antigen was gently rotated for 1 h at room 
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50 Ml (rounds 2, 3, and 4) of strq>tavidin-coated M280 magnetic beads. After capture f 
phage, Dynabeads were washed a total of ten times (three times in PBS containing 

0. 05% TWeen 20 (TPBS), twice in TPBS containing 2% skimmed milk powder 
(2%MTPBS), twice in PBS, once in 2%MPBS, and twice in PBS) using a Dynal 
magnetic particle concentrator. The Dynabeads were resuspended in 1 ml PBS, and 300 
fd were used to infect 10 ml log phase E. cott TGI which were plated on TYE-AMP-Glu 
plates. For selection of the C6VHCDR3 Hbraries, c-erbB-2 ECD concentrations of 5.0 x 
10* M, 5.0 X 10-" M, 5.0 X lO"" M, and 5.0 x 10"" M were used for selection rounds 

1, 2, 3, and 4 respectively and the phage captured by incubating with 50 /d of 
Dynabeads for 5 min. 

The washing protocol was altoed to sdect for sFv with the lowest 
(Hawkins et al. (1992) J. MqL Biol 226: 889-896). D>'aabeads wth bound phage were 
initially subjected to five rapid washes (4 x TPBS, 1 x MPBS) foUowed by six 30 min 
incubations in one of three washing buffer (2 x TPBS, 2 x MPBS, 2 x PBS) containing 
1.0 X la' M c-eibB-2 ECD. Bound phage were duted from the Dynabeads by 
sequential incubation with 100 /d of 4 M MgClj for 15 min foUowed by 100 /tl of 100 
mM HCl for 5 min. Huates were combined and neutralized with 1.5 ml of 1 M Tris 
HQ, pH 7.5 and one third of the duate used to infect log phase JSl cott TGI. 

Initial sFv characterization. 

Initial analyas of sdected sFv dones for binding to c-erbB-2 ECD was 
determined by phage ELTSA. To prepare phage for EUSA, single ampidllin resistant 
colonies were transferred into microtitre plate wdls containing 100 /d 2xTY-AMP-0.1% 
glucose and grown for three hours at 37"C to an A«o of appioximatdy 0.5. VCSM13 
hdper phage (2.5 x 10* phage) were added to each wdl, and the cells incubated for 1 
hour at 37''C. 

Kanamycin was then added to each wdl to a final concentration of 25 
/xg/ml and the bacteria grown overnight at 37-C. Supematants containing phage were 
used for ELISA. For EUSA, Immunolon 4 plates (Dynatech) were incubated overnight 
at 4»C with ImmunoPure avidin (10 ^tg/ml in PBS; Pierce). After washing three times 
with PBS to remove unbound avidin, wdls were incubated with biotinylated c-erbB-2 
ECD as described above. 
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Binding of sFv phage to c-erbB-2 ECD was detected with 
peioxidase^jugated anti-M13 antibody (Phannada) and ABTS (Sigma) as substrate. 
Selected binders were further characterized by DNA sequencing of the V„ and V, genes. 

Ranking of sFv by 1^ was performed using SPR in aBIAcore as described 
above. Briefly. 10 ml cultures of 24 EUSA positive clones fiom the third and fourth 
round of selection were grown to an A«o of approximately 0.8. sFv expression induced 
(DeBelliser^. (1990). Nucleic Acids Ees., 18: 1311) and the culture grown overnight 
at 25"C. Single^hain Fv were harvested from the periplasm (Breitling et aJ. (1991) 
Gene, 104: 147-153). and the periplasmic fraction dialyzed for 48 h against hepes 
buffered saline (10 mM hepes. 150 mM NaQ. pH 7.4, HBS). In a BIAcore flow ceU. 

appioximaldy 1400 resonance units (RU) of c-erbB-2 ECD were coupled to a CNI5 
srasor chip using NHS-EDC chemistry (Johnssoa e^ al (1951) Anai. Biodiem. 198: 
268-277). Association and dissociation of undUuted sFv in the periplasmic fiaction were 
measured mider a constant flow of 5 Ml/min and HBS as nmning buffer. Anapparentk^ 

w« determM from the dissociation part of the sensorgiam for each SFv analyzed 
(Karlsson et al. (1993) J. Jmnumol MeOu 166: 75-84). The flow ceU was r^enerated 
between samples using sequential injections of 4 M MgO, and 100 mM triethylaraine 
without significant change in the sensorgram baseline after analysis of more than 100 
samples. 



Subcltaung, aq>ression and puriflcaHon ofsFv. 

To fidlitate purification of sFv selected from the C6VLCDR3 library, the 
sFv genes were subdoned into the expression vector pUC119 Sfi-NotmycHis, which' 

results in the addition of a hexa-histidine tag at the C-terminal end of the SFv n«sFv 
selected ftom the C6VHCDR3 library already have a C-terminal hexa-histidine tag and 
therefore could be purified without subcloning. 500 ml cultures of E. coli TGI 
harboring one of the C6.5 mutant phagemids were grown, expression of sFv induced (De 
Bellisero/. (1990) ^^pra.). and the culture gnwn at 25 'C overnight Single^hain Fv 
were harvested from the periplasm (Breitling et al, (1991) supra.), dialyzed overnight at 
4-C against 8 L of IMAC loading buffer (50 mM sodium phosphate. pH 7.5. 500 mM 
Naa. 20 mM imidazole) and then filtered through a 0.2 micnm filter. Single^hain Fv 
was purified by IMAC (Hochuli et al. (1988) BiorTechtology, 6: 1321-1325) m 
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To separate monomoic, dimoic and aggregated sFv, samples were 
concentrated to a v lume < 1 ml in a Centricon 10 (Amicon) and fractionated n a 
Superdex 75 column using a running buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining. The concentration was determined spectiophotometrically, assuming 
an nm of 1.0 corresponds to an sFv concentration of 0.7 mg/ml. 

Measurement ofqffimty and binding kinetics. 

"Ihe Kj of sFv were determined using SPR in a BIAcore. In a BIAcore 
flow ceU, approximately 1400 RU of c-erbB-2 BCD (90 IcDa. McCartney et al. (1995) 
Protein Eng. 8: 301-314) were coupled to a CMS sensor chip (Johnsson et al. (1991) 
siqua.). Association rales were measured under continuous flow of 5 ml/min using 
concentrations ranging from 5.0 x 10* to 8.0 x lO"' M. Rate constant V. was 
determined born a plot of On (dR/dt))/t vs concentration (Karlsson et al., 1991). 

To verify that differences in k„ were not due to diffwences in 
immunoreactivity, the relative concentrations of functional sFv was determined using 
SPR in a BIAcore (Karlsson et al. (1993) si^ra.). Briefly, 4000 RU of c-erbB-2 BCD 
were coupled to a CMS sensor chip and the rate of binding of C6.5 (RU/s) determined 
under a constant flow of 30 ml/min. Over the concentration range of 1.0 x 10*M to 1.0 
X la' M, the rale of binding was proportional to the log of the sFv concentration. 

Purified sFv were diluted to the same concentration (1.0 X 10* M and 2.0 X 10*M)as 
determined by A^, The rate of binding to c-eibB-2 BCD was measured and used to 
calculate the concentiation based on the standard curve constructed from C6.5. 
Dissociation rates were measured using a constant flow of 25 /d/min and a sFv 
concentration of 1.0 x 10* M. was determined during the first 2 min of dissociation 
for sFv mutated in Vi. CDR3 (Karlsson et al. (1991) supra.) and during the first 15 to 60 
min for clones with bdow 5 x 10^ s** (sFv mutated in Vh CDR3 and combined sFv). 
To exclude rebinding, was determined in the presence and absence of 5.0 x lO"' M 
C-erbB-2 BCD as described above in Examples 1 and 2. 

CeU surface retention assay. 

The cdl sur^ reteition of s^sdoi sFv was determine m liv© SK-OV-3 
Is using a fluorescence activated eel sorter (FACS). Purified sFv were labeled witlj 
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NHS-LC-Biotin (Pierce) using the manufacturers instructions. The concentration of 
immunoieactive biotinylated sFv was calculated using SPR as described above. The 
efficiency of blotinylation was also determined in a BIAcore using a flow cell to which 
5000 RU of streptavidin was coupled. The total responses after association were 
compared between samples and concentrations of sFv were adjusted using the results 
obtained from the BIAcore. For the assay, aliquots of SK-OV-3 cells (1.2 x 10' 
c-erbB-2 positive cdls) were incubated with 14 ng biotinylated sFv in a total volume of 
0.5 ml (1 /xM sFv) FACS buffer (PBS containing 1% BSA and 0.1% NaN,) for 1 h at 
37»C. CeUs were washed twice with 10 ml FACS buffer (4»C) and lesuspended in 12 
ml FACS buffer and further incubated at 3VC. Aliquots of cells (0.5 ml from 12 ml 
containing 5 x lO* cells) were taken after 5 min, every 15 min for the first hour and after 
two hours repeating the wash and lesuspension cycle. Washed cell aliquots were fixed 
with 1% paraformaldehyde, washed twice with FACS buffer, and incubated for 15 min 
at 4'C with a 1:800 dilution of phyco^ythrine-labded strq>tavidin (Pierce). 
Huorescence was measured by FACS and the percent retained fluorescence on the oeU 
surface plotted versus, the time points. Single-chain Fv used for the ceU surface retention 
assay were C6.5 (K, = 1.6 x 10* M), C6ML3-9 (K< = 1.0 x 10^ M), C6MH3-B1 (K, 
= 1.2 X 10-" M), and the anti-^goxin sFv 26-10 (Huston et al. (1988) Proc. Natl, Acad. 
Sci. USA, 85: 5879-83) as negative control. 

High resolution junctional scan ofC6.5 V„ CDR3. 

A high resolution fimctional scan of the C6.5 V„ CDR3 was performed by 
individually mutating residues 95-99, lOOa-lOOd, and lOOg-102 to alanine. TTie pair of 
cysteine residues (100 and lOOe) were simultaneously mutated to serine. Residue lOOf 
(alanine) was not studied. Mutations were introduced by oligonucleotide directed 
mutagenesis using the method of Kunkel a al. (1987) Meth. Enzymol. 154: 367-82. 

Insertion of the correct mutaUon was verified by DNA sequencing, and 
sFv was expressed (De BelUs et al. (1990) supra.-, Breitling et al. (1991) si^ra.) and 
purified by IMAC (Hochuli et al. (1988) supra.). AffiniUes were determined by SPR as 
described above and compared to C6.5 sFv. 

Modeling of location ofmutiations. 



eU83nTUTS^EEriRUL£2d) 
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The location of mutations in mutated sFv was modeled on the structure of 
the Fab KOL (Marquart et al. (1980) J. Mol Biol , 141: 369-391) using the program O 
(Jones et al. (1991). Acta Cryst., A47: 110-119) on a SiUcon Graphics workstation. 

D Mutation of r<t..<» sFv V, CDR.^ 

library construction and selection. 

As explained above, 9 amino adds in Vj, CDR3 were partially randomized 
by synthesizing a "doped" oligonucleotide in which the wild-^pe nucleotide occuned 
with a frequency of 49%. After transformation, a library of 1.0 x lO' clones was 
obtained. The mutant phage antibody library was Ae&\^9,t ^ C6VLCDR3. 

Polymerase chain reaction <PCR) screening revealed that 100% of clones 
analyzed had fuU length insert and diversity was confirmed by sequencing the V,, CDR3 
of ten clones firom the unsdected library. Prior to selection, 5/92 dones selected at 
random expressed sFv which bound c-erbB-2 ECD by enzyme linked immunosoibent 
assay (EUSA). 

The C6VLCDR3 library was subjected to four rounds of selection using 
decreasing concentrations of biotinylated c-erbB-2 ECD. A rdativdy high antigen 
concentration (4.0 x 10^ M) was used for the first round to capture rare or poorly 
expressed phage antibodies. The concentration was decreased 40 fold for the second 
round (1.0 x 10* M), and decreased a further tenfold each of the subsequent two rounds 
(1.0 X ia» M, 3rd round; l.O x la" M, 4th round). After each round of selection, the 
concentration of binding phage in the jwlydonal phage prq>aration was determined by 
measuring the rate of binding of polydonal phage to c-erbB-2 ECD under mass transport 
limited conditions using surface plasmon resonance (SPR) in a BIAcore. The results 
were used to guide the antigen concentration for the subsequent round of selection. After 
both the third and fourth rounds of selection, 92/92 dones bound c-erbB-2 ECD by 
EUSA. 

Characterization of mutant sFv. 

To identify sFv with a lower Kj than wild-^ sFv, apparmt was 
determined by SPR in a BIAcore on unpurified native sFv in bacterial periplasm. 

Twenty-foas- sFv im^ fiis lihiM mi fo-jrfa aaunds ef seiecsioa wese sanked by I^. Aliter 
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the third round f sdecti n, 80% of sFv had a lower than wt and after four rounds. 
100% of sFv had a lower than wild-type sFv. The twelve sFv with the lowest 
from each of these rounds of selection were sequenced and each unique sFv gene was 
subdoned for purification. Single-chain Fv were purified by immobilized metal affinity 
chromatography (IMAC), followed by gel filtration to remove any dimeric or aggregated 
sFv. 

The k,, and k^were determined by BIAcore, and the calculated. 
After the third round of selection, seven unique sFv were identified, all with higher 
affinity than wild-type sFv. Single-chain Fv had on average 1.8 amino arid 
substitutions/sFv, with a single substitution at residue 92 the most frequenUy observed 
mutation. These single amino add substitutions would have occurred with a frequency 
of 1/12,000 in the original library, assuming equal nucleotide coupling efSdency. The 
average sFv affinity was 3.6 x 10* M (4.4 fold increase), with the highest affinity 2.6 x 
10* M (sixfold increase). 

After four rounds of sdection, six sFv were identified, and none of these 
sequences were observed in the sFv sequenced from the third round. Single-chain Fv 
from the fourth round had on average 2.9 amino add substitutions/sFv, with expected 
frequendes of between 1/590,000 and 1/24,000.000 in the original library. TTie average 
sFv afSnity after the fourth round was 1.9 x 10* M (8.4 fold increase), with the highest 
affinity 1.0 x 10* M (16 fold increase). The results demonstrate the effidency of the 
sdection tedmique for isolating very rare high affinity dones from a library. Additional 
high affinity sFv (Table 14; C6ML3-14, -15. -19, -23, and -29) were isolated from the 
C6VLCDR3 library by using a differefit dution solution after capture of antigen bound 
phage. 

Location of mutations in higher t^nity sFv. 

Significant sequence variability (six different amino adds) was observed at 
residues 93, and 94, with less variability (three different amino adds) at residues 95 and 
95a. Thus a subset of the randomized residues appear to be more important in 
modulating affinity. AU but one of these four residues (V,L95) appear to have solvent 
accessible side chains in the C6.5 modd. Three of the residues randomized (A89, W91, 
and C596) were 100% conserved in aU mutants sequenced. Two additional residues 
(AiSi gfeew^ @slf a skgle ©saservaliv'e sabslitotioa. Sese ecnserved 
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residues appear to have a structural role in the variable d main, either in maintaining the 
main chain conformation of the loop, or in packing on the Vh domain. Residues A89, 
■W91, and D92 are idaitical in both C6.5 and KOL, with consKvative substitutions A90S 
and G96A observed at the other two positions in KOL, consistent with a structural role. 
S. In the model of C6.S indicated by this invention, G9Sb is in a turn and 

A89, A90, and W91 pack against the Vh domain at the Vh-Vl interfece. Hydrogen 
bonds between Wp92 and V,S27a and V,N27b bridge L3 and LI to stabilize the L3 and 
LI conformations. 

m 2) Mntation of C6M0.9 sFv mm 

Library consmtaion and selection. 

To &rther increase the sfBiaty of C6.5, we chose to mutate the CDR3 
of the highest afBnity sFv (C6ML3-9, = 1.0 x M) isolated from the C6VLCDR3 
library, rather than mutate C6.5 Vh CDR3 indqiendentty and combine mutants. This 
11 sequential approadi was taken dnce the kinetic effects of indepradently isolated antibody 
fragment mutations are frequenUy not additive (Yang et al. (1995) J. Mol. Biol, 254: 
392-403). 

Due to the length of the C6.5 Vh CDR3 (20 amino adds), a high 
resolution functional scan was performed on C6.5 sFv in an attempt to reduce the 

M number of amino adds subjected to mutation. Residues 954)9, lOOa-lOOd, and lOOg-102 
were squiatdy mutated to alanine, and the of the mutated sFv determined. Residue 
lOOf (alanine) was not studied. Residues 100 and lOOe are a pair of cysteines sq>aiated 
by four amino adds. A homologous sisquence in KOL (Marquaidt et al. (1980) siq>ni.) 
results in a disulfide bond between the two ^stones and a four residue miniloop. 

2i Therefore the two qrsteines woe simultaneously mutated to serine. 

Results of the alanine scan are shown in Table 13, No detectable binding 
to c-erbB-2 BCD could be measured by BIAcore for C6.5H95A, C6.5W100hA, and 
C6.5E100jA, Three additional alanine mutants (G98A, YlOOkA, and FIOOIA) yidded 
sFv with 20 fold to 100 fold higher K< than wt sFv, Substitution of the two cysteines by 

30. alanine (100, lOOe) yidded an sFv with an 17.5 fold higher Kj, and a much faster k;,^ 
(1,38 X 10"' s"') than wt C6.5. The remainder of the alanine substitutions yidded only 
minor (0.5 to 3.7 fold) increases or decreases in Ki. 
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Based on the results f the alanine scan and a model f C6.5 based on the Fab 
KOL (Marquardt et al., 1980), residues H95A, ClOO, and ClOOe were not mutated due 
to their probabiUty of having an important stnictural role. H95 is likely to be buried at 
the Vh-Vl interface where it makes critical packing contacts with the domain, -nie 
two cysteine residues also arc likely to have a structural role in maintaining the minUoop 
conformation. WlOOh was also not mutated given the unique features of tryptophan in 
antibody combining sites (Mian er c/. (1991)/. Mol. Biol, 217: 133-151). 

The remaining 16 amino adds were completely randomized four residues 
at a time in four separate C6VHCDR3 libraries (96-99, library A; lOOa-lOOd, library B; 
lOOf, lOOg, lOa, and lOCy, library C, and lOOk-102, library D; see Tablt 14). After 
transformation, libraries were obt^ed with sizes 1.7 x 10' (library A), 1,3 x 10' 
(library B), 3.0 x Itf aibiary Q, and 2A x 10' (library D). The mutant phage antibody 

libraries were designated C6VHCDR3 libraries A, B,C, and D. PGR screening and 
DNA sequencing 
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Table 13. Binding kinetics f C6.5 Vh CDR3 mutants obtained by high resolution 
functional scan. Amino acid residues 95-99, lOOa-lOOd, and lOOg-102 of C6.5 V„ 
CDR3 were mutated to alanine using site directed mutagenesis. Cysteine residues, ClOO 
and ClOOe, were simultaneously mutated to serine, k^, and were measured by SPR 
in a BIAcore, and the calculated. Numbering is according to Kabat et al. (1987) 
NB=no binding. 
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revealed that 10095 of clones from all four libraries had full lengtij insert and tiiat the 
sequences were diverse (results not shown). Prior to selection, the percent of clones 

sxpi^skg sFv ^MeSa bsmd BCD bj MM A tos ! % fer G6VHC3>13 Ebm 
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A, 5755, library B, 256 Ubraiy C, and 3% Ubiaxy D. The C6VHCDR3 libraries A, B, 
C, and D were selected on bi tinylaled c-erbB-2 ECD as described above, but using 
lower antigen concentration. The first round of selection was performed using 5.0 x 10* 
M c-erbB-2 ECD, tenfold lower than for the fint round of selection of the C6VLCDR3 
library. This concentration was chosen because the parental sFv for these libraries 
(C6ML3-9) had a greater than tenfold lower Kj than the parental clone for the 
C6VLCDR3 library (C6.5). Biotinylated c-erbB-2 ECD concentration was then 
decreased 100 fold for the second round of selection (5.0 x la" M) and tenfold for the 
third and fourth rounds (5.0 x 10-« M and 5.0 x 10-» M). As for the C6VLCDR3 
library, the rate of binding of polyclonal phage was measured in a BIAcorc to determine 
the antigen concentration used for die subsequent round of selection as discussed below. 

Oiaraaerizaxion of mutant sFv. 

After four rounds of selection, positive clones were identified by ELISA 
and at least 24 sFv ftom the fourth round of selection were ranked by 1^ using SPR in a 

BIAcore. "Hie ten sFv with the lowest fiom C6VHCDR3 libraries A^ C, and D were 
sequenced. 



Kbn5S?^'^^J?*°^ h«vy chain 

™^?«^ ^?^^^®•^•'^°^?• determined in a BIAcore udng 

S^lw-^ Sl^?!**^ VH CDR3 are listed under ie heading -o^^ 

Z^TT*.!r-^?^°^"^*^- •k^detenninedftomunpurificdsFv 
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C6KH3-01 
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Due to the diversity of isolated sFv in C6VHCDR3 libraiy B, 48 sFv were ranlced by ^ 
using SPR, and 22 clones with the lowest were sequenced. Single-chain Fv were 
purified by IMAC, followed by gel filtration to remove any dimeric or aggregated sFv. 
The k„, and k^were determined by BIAcore and the calculated. 

Very different results were obtained from tiie four libraries with respect to 
the number of higher affinity sFv isolated, and the value of the highest affinity sFv. The 
best results were obtained from library B (Table 14). Fifteen sFv were isolated with a 
lower than wt C6ML3-9 and no wt sequences were obsoved (M)le 14). The best 
sFv (C6MH3-B47) had a = i . u lO"" M, ninefold lower than C6ML3.9 and 145 
fold lower than C6.5. The of this sFv was 7.5 x ia» s"*, tenfold lower than 
C6ML3-9 and 84 fold lower dian C6.5. While a wide range of sequences was observed 
CTable 14, library B), a subset of sFv had the consensus sequence TDRT (first eight sFv, 
Table 14). The consensus sequence is identical with the sequence of C6MH3-B1, which 
is the sFv with the lowest (6.0 x 10^ s-»). 

Five sFv were isolated that had a 2.5 to 3.75 fold lower than 
C6ML3-9, however expression levels were too low to obtain adequate purified sFv for 
measurement of the (last five sequences. Table 14, library B). The next best results 
were obtained from library D (Table 14). Five higher affinity sFv were isolated, with 
the best having a K, sevenfold higher than wtC6ML3-9. An additional sFv was isolated 
that had a 1^ lower than wt sFv, however the expression level was too low to obtain 
adequate purified sFv for measurement of the K, (last sequence, Table 14, Ubrary D). 
There was selection for a consensus mutation of YlOOkW and replacement of FlOOl with 
hydrophobic methionine or leucine. No higher affinity sFv were isolated from either the 
A or C Ubraries. From library A, 8/10 sFv were wUd-type, with one higher affinity 
sFv, a contaminant from library B. A single mutant sFv with the conservative 
replacement of Y99F had an apparent Ig, 2.5 times lower than wt, but expression levels 
were too low to obtain adequate purified sFv to measure the K,. From Ubrary C, 8/10 
sFv were wt sFv, with one higher affinity sFv having mutations located in the Vh and 
genes, but not in the region intentionally mutated. The isolated mutant sFv KlOQgV had 
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a Ki 2.7 fold 1 wer than wt Cc^ 3.8 fold lower than C6ML3-9), conelating with the data 
of the alanine scan, in which KlOOgA was the only sFv with decreased 1^. 

Ability of alanine scanning to identify residues whidt modulated ^ftmty. 

Residue ElOOj, the only residue that whoi converted to alanine had no 
detectable binding, was 100% conserved. Otherwise, there was no correlation between 
the frequency with which the wt amino add was recovered and the extent to which 
binding was reduced by substitution to alanine. Similaily, there was no correlation 
between readues shown to modulate affinity by alanine scanning and mutations exhibiting 
inq>roved binding. This is dear wha comparing the results obtained from library B 
(where no alanine mutant had more dian a 2.9 fold increase in and library D (where 
Kj was markedly increased for twO alanine mutants, YlGOkA and FIGOIA). Despite the 
different alanine scan results, both libraries yidded similar nine and sevenfold increases 
in afBnity. This result ^>pears to be different than the results of Lowman et al. (1993) 
J. Mol. Biol, 234: 564-578, who found a mild (R'»0.71) positive correlation between 
the frequency with whidi the wt amino add was recovered from a phage library of 
human growth hormone mutants and tiie extent to whidi binding was reduced by alanine 
scanning. In addition, thdr laigest inqnovements in affinity were for those residues 
shown by alanine scanning to significantly affect binding. 

The reason for (he different results is undear, however in two of the Vh 
CDR3 libraries where alanine scanning indicated a significant effect on binding (Ubiaries 
A and C), expression levels of mutants were generally low. This could have affected the 
selection results. 

3) Correlation between affinhv and roH Mirfaee refpntion of sTV . 

Hie retention of biotinylated C6.5, C6MU-9, and C6MH3-B1 sFv on the 
surface of SK-OV-3 cdls expressing c-ert)B-2 was determined, both to verify the 
observed differences in k^, and to confirm that the antigen as presented in the BIAcore 
had biologic significance. The half life (t,/,) of the sFv on the ceU surface was much less 
than 5 min for C6.5, 11 min for C6ML3-9, and 102 min for C6MH3-B1. These values 
agree dosdy with the t^j calculated ftom the as determined by SPR in a BIAcore 
(1.6 min for C6.5, 13 min for C6ML3-9, and 135 min f r C6MH3-B1). Tht 
aad-^oxia sFv 2^1© piusloa &i a, QBm) Sipra.} was Hsed as negative eontre], and 
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n binding to c-erbB-2 ECD in a BIAcore or to c-crbB-2 n SK-OV-3 cells was 
observed. 



Example 4 

Elution nf Anf thnHi^f 
As higher affinity phage antibodies are generated, it becomes more 
difficult to dute them from c-erbB-2. Selection of the highest affinity mutants is 
enhanced when elution conditions are optimized. To determine optimal elution 
conditions, tiie C6.5 VI CDR3 mutant Hbraiy was selected on c-ert)B-2, and a number of 
different elution conditions studied fmfecting direcfly off of magnetic beads, 10 mM 
HQ, 50 mM HQ, lOOmM HQ, 2.6 M MgO,, 4 M MgQ,, 100 mM TDA, and with 1 
iM c-crbB-2). Tbs greatest percentage of eloaes with a li^ slower tiian C6.5 was 
obtained when duting witii 50 mM HQ, 100 mM HQ, or 4 M MgCl,. Even after the 
duted dones were screened by BIAcore to identify diose wifli the slowest 1^, the 
highest affinity dones resulted from dutions performed wifli 100 mM HQ as shown in 
Table 15 fm fliis aq)eiiment 4 mM MgQj was not examined). 

These results correlated wifli flie amount of phage antibody library tiiat 
remained bound in tiie BIAcore after using one of tiie different dution conditions. For 
tiuj Vh CDR3 dutions phage were duted sequentiaUy witii 4 mM Mgdj and 100 mM 
HQ. As affinity increases further more stringent dution conditions may be required. 
This can be determined by analyzing phage libraries in tiie BIAcore, 



Table 15. of C6.5 L3 randomization 4tii round off-rate sdection and dution. 



Clones 


F 


CDR3 Sequence 


K (M) 




C6.5 




AAWDDSLSGWV 


1.6 X 10* 


6.3 X 10-^ 


Elution with 100 


mM HCls 






C6ML3-5 


4 


AAWDYSLSGHV 


3.7 X 10^ 


6.3 X 10^ 


C6KL3<-9 




ASWDHLSGWV 


1.0 X 10^ 


1.9 X 10^ 


C6ML3-14 


2 


AAWDDPLHGWV 


1.1 X 10^ 


7.6 X 10^ 


C6ML3-15 




AAWDRPtWGWV 


2.2 X 10^ 


7.7 X 10 > 


Elution with 2.6 M MgCl^: 








2 


^WDYAVSGWV 1 
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C6KL3-X2 




AAWDYSRSGWV 


1.6 X 10^ 


"7 o V 1 


C6ML3*16 


2 


ASTOYYHSCWV 


5.0 X 10^ 


1 7 » in** 


C6M13-15 




AAWDRPLHGWV 


2.2 X 10-^ 


1 3 sf IQ^ 


Elution with 100 


nM tireth 


ylamines 




C6KL3-5 


3 


AANDXSLSGWV 


3.7 X 10^ 


X.7 x XU 


C6KL3-12 


2 


AAWDYSRSOWV 


1.6 X 10-* 


7*2 X 10 


C6ML3-18 




ASWD^LgOWV 


2.4 X 10-» 


0.2 x 10^ 


C6ML3-19 




ASWDBSI*HGWV 


1.5 X 10^ 


1.0 X 10*^ 


C6ML3-20 




AAWlfiSLWGWV 


3.0 X 10^ 


X i.U 


Elution with 10 n 


iM HCli 






C6KL3*5 




AAWDXSL8GWV 


3.7 X 10-* 


*.» X 


C6ML3-7 




AAWDYJ^VSGWV 


2.6 X 10-* 


1 7 V in-3 
i X ±\J 


C6ML3-21 




AAWDXSfiSOHV 


4.5 X lO-* 


2.2 X 10 


C6KL3-22 




AAWD^LSGWV 


8.3 X 10^ 


3.6 X 10^* 


C6ML3-23 




ASWDgSLBGWV 


1.5 X 10^ 


1.0 X 10^ 


C6KL3-24 




AAWDEOIPGWV 


12.4 X lO-* 


7.9 X 10'' 


C6ML3-25 




AANDB5HSGWV 


7.4 X 10^ 


4.4 X 10^ 


C6KL3-26 




AAWDDSBSGWV 


8.3 X 10^ 


5.0 X lO'* 


Elution with SO n] 


H HClt 




C6KL3-6 




ASWDZSLSGWV 


3.2 X 10^ 


1.9 X lO* 


C6ML3*7 




AAWDYAVSOWV 


2.6 X 10^ 


1.7 X la* 


C6KL3-12 




AXWDX8BSGWV 


1.6 X 10^ 


7.2 X 10-* 


C6HL3«17 




ASWDYYRSOWV 


5.0 X 10^ 




C6ML3-27 




2AHDYSLSGWV 


no expression 




C6HI.3-28 




ASWDXALSGWV 


2.5 X 10^ 


1.7 X lO'' 


C6KL3-29 




AMTOGTLWGHV 


1.7 X 10^ 


2.2 X 10' 


Elution with 1 uM 


c-erbB-2 


ECD for 30 minutes 




C6KL3-5 


5 


AAWDXSI.SGWV 


3.7 X 10^ 


1.9 X 10-* 


C6ML3-17 




AAWDYAIiSGWV 


no expression 




C6ML3-30 


3 


ASWDXYLIGWV 







For example, in a second experiment, polydonal phage were piqaied 
after three rounds of selection of the C6VLCDR3 library and studied using SPR in a 
BIAcore. After an initial bulk refiactive index change, binding of phage to immobilized 
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then aUowed to either spontaneously dissociate from c-erbB-2 ECD using hepes buffered 
saline (HBS) as running buffer, or were duted with either 100 mM HQ, 50 mM HCl, 
10 mM HQ, 2.6 M MgClj, or 100 mM TEA. 

Msyor differences were observed between eluents in their ability to remove 
bound phage. The most effective solutions in removing bound phage antibodies were 
100 mM HCl and 50 mM HCl, foUowed by 100 mM TEA. 2.6 M MgClj (which 
removes 10096 of wild type C6.5) and 10 mM HQ were only minimaUy more effective 
than the running buffer in removing bound phage. 

These results demonstrate the important effect of eluent choice on the 
affinities of selected antibodies, even when using limiting antigen concentration and 
BIAcore screening to identiiy the highest affinity sFv. Two previously described dution 
regimens were found to be the 1^ effective for selectmg higher affinity antibodies; 
infecting without dution by adding magnetic beads widi antigen-bound phage directty to 
E. cott cultures (Figini et dL (1994) /. Mol Biol , 239: 68) and competitive dution of 
sFv with soluble antigen (Biwldns et al. (1992) /. Mol Biol, 226: 889; dackson et aJ. 
(1991) Nature, 352: 624; Riechmann et al. (1993) Biodiemisny, 32: 8848). 

When duting by incubating phage bound to antigen with £ coU, it is 
believed the phage must dissodate from antigen for infection to occur. Steric hindrance, 
due to the size of paramagnetic beads, blodcs the attachment of pHI on antigen bound 
phage to the f-pilus on £. coU. This would result in preferential sdection of sFv with 
lapidk^, consistent with the present results. Since a reduction in 1^ is the major 
medianism for decreases in K,, this results in the sdection of lower affinity sFv. 

Ehiting with soluble antigen has a similar effect on the kinetics of selected 
sFv. nie phage must first dissociate from immobilized antigen, then rebinding is 
blocked by binding of the phage to soluble antigen. Phage antibodies with the lowest k.^ 
will remain bound to immobilized antigen and therefore are not available for infection of 
E. coll 

The optimal type of duent (aridic, basic, chaotropic) and concentration 
required will depend on the phage antibody affinity (Lewis et al. (1985) /. Steroid. 
Biochem. 22: 387; Parini er c/. (1995) Amfyst, 120: 1153) and the type of bonds that 
need to be interrupted. This will vary considerably between Ubraries, depending on the 
nature of the antigen-antibody interaction. 
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In this example, significantly higher affinity sFv were obtained eluting 
with HQ, pH 1.3 compared to HQ, pH 2.0. In feet, the affinities of sFv isolated after 
elution with HQ, pH 2.0 were no different than results obtained without duting, 
Similady, 2.6 M MgClj was studied because it was previously determined (see above) 
that it would remove 100% of bound wild type C6.5. This concentration of MgO,, 
however, was ineffective in eluting C6.5 Vj, CDR3 mutants. Eluting with higher 
concoitrations of M^Cl, would have resulted in the selection of higher affinity sFv. For 
example, 3 M MgQj was required to elute 100% of C6L1 sFv (K;, = 2.5 x 10* M) 
from a c-erbB-2 ECD BIAcore sensor chip and 4 M MgClj was required to elute 100% 
of C6MU-9 (K, = 1.0 X 10* M). 

A convenient way to predict the optimal eluent is to analyze polyclonal 
phage in a BIAcore. The results on then be used to design dution conditions to achieve 
optimal enrichmoit for high affinity dones. One s^ioach is to dute sequentially, using 
a less stringent duent to remove low affinity binders, followed by a more stringent duent 
to remove high affinity binders. Thus the BIAcore information is used to sdect 
•washing* reagents which remove low affinity phage antibodies more effectivdy than 
PBS. This will reduce tiie number of sdection rounds and amoum of screening required 
to sdect and identify die highest affinity binders. 

niis strategy is also be useful to isolate antibodies to low density antigens 
on intact cdls or tissue. A mild duent could be used to remove low affinity phage 
antibodies, which are preferentially selected due to high density antigen present on the 
cdl surfece, as wdl as non-spedfically bound phage. Phage spedfic for lower density 
antigens would then be removed using a more stringent solution. 

An alternative to duting with stringent solutions is to use antigen 
biotinylated with NHS-SS-Biotin (Pierce) (Griffiths et al. (1994) EMBO J., 13: 3245). 
All of the bound phage can be released from the magnetic beads by reducing the 
disulfide bond between antigen and biotin. One advantage of this approach is that dution 
of all phage is guaranteed. Use of NHS-SS-Biotin could be combined with use of a 
milder duent for washing (determined by BIAcore analysis) to increase enrichment for 
higher affinity phage antibodies. 

The present experimmts suggest, however, that use of stringent duents 
that are chemically different (addic, basic, or chaotropic) results in the sdection of sFv 
®f s^asBy Mgln afeity„ to ©f (Siffasii s^^sjaee. MMaa ©f sIPv ©f diSfaeai 
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seque n ces has a number of advantages. Single amin acid changes can aifect expression 
levels in E. coli dramatically. For cjiample, expression level of C6ML3-5 (100 /tg/L) 
was 100 times less than for wild type C6.5 (10 mg/L). Furthermore, different sFv might 
have different physicochemical characteristics (dimerization, stability, or 
i immunoreactivity) or even different effects in vivo (specificity, biodistiibution, or 

clearance). Thus parallel selections using different stringent duents should result in a 
greater numba of high affinity binders than use of a single duent. 

Example 5 

m Production of Antibodies Comhlning C6MH3.B t or C6MH3.B47 whh D TJhrarv 

nnPOm Mutatinm 

I. Methods. 

Construction o/sFv combining higher t^ffinity Vg and genes. 

The Vl CDR3 gene sequences of die two highest affinity sFv isolated from 

IS. the C6VLCDR3 library (C6ML3-9 or C6ML3-12) were combined with the highest 

affinity sFv previously obtained from light chain shuffling (C6L1, K< = 2.5 x lO"' M). 
The C6L1 plasmid (10 ngZ/J) was used as a tenq>late for PGR anq)lification using 
primers LMB3 and dther PML3-9 or PML3-12 (Table 18). The gd purified PGR 
firagments were leanqilified uang primers LMB3 and HuJl 2-3ForNot (Marks et al. 

M (1991) «(pra.) to introduce a Nofl restriction ate at the 3'-end of the sFv. Hiegd 
purified PGR firagments were digested with Ncol and NotI and ligated into pUC119 
Sfi-NotmydBs digested with Ncol and Nofl. TTie resulting sFv were rff rignatwi C6-9L1 
and C6-12L1, The genes of C6-9L1 and C6-12L1 were combined witij die Vh genes 
of the two highest affinity sFv from the C6VHCDR3 libraries (C6MH3-B1 and 

21 C6MH3-B47). TTie rcananged Vh genes of C6MH3-B1 and -B47 were amplified by 

PGR using the primer LMB3 and PC6VH1FOR, digested with Ncol and Xhol Gocated in 
FR4 of tiie heavy chain) and ligated into G6-9L1 or G6-12L1 digested with Ncol and 
Xhol to create G6-B1L1 and G6-B47L1. The heavy chain of C6MH3-B1 or 
G6MH3-B47 was amplified by PCai using LMB3 and one of the PGD primer (PCDl, 

2fl PGD2, PCD3, PCD5, or PGD6; Table 18) to construct combinations of sFv from the 
GfiVHGDR3B and D libraries. The purified PGR fragments were spliced witii the Vj. 
ftagment of G6ML3-9 (VHD2) tiiat was used to create the C6VHGDR3D library exactly 
as dsseribed above. Ml imgtk sFv goie was digested m&. Ncol and Not! and 
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ligated into pUC119 Sfi-NotmycHis. Qoncs were termed C6-B1D1, -B1D2, -B1D3, 
-BIDS, -B1D6, -B47D1, -B47D2, -B47D3, -B47D5, and -B47D6. Colonies were 
screened for the presence of the correct insert by PGR fingerprinting and confirmed by 
DNA sequencing. Single-chain Fv were expressed, purified, and affinities determined by 
£ SPR, as described above. 

n. Results. 

Effects on binding kinetics by combining mutations from high tffinity sFv. 

As described above, to further increase affinity, the sequences of the two 

Iff highest affinity sFv obtained from the VH CDR3B library (C6MH3-B1 or C6MH3-B47) 
were combined witii the sequences of sFv isolated from the C6VHCa>R3D library 
(C6MH3-D1, -D2, -D3, -D5, or -D6), An increase in affinit>' from wild=type was 
obtained for all these combinations, yielding an sFv (C6-B1D3) that had a 1230 fold 
lower Krf than wt C6.5 (Table 16). Hie extent of additivity varied considerably, 

li however, and could not be predicted from the parraital Xm* Ka^otK^. Li some 

combinations, cooperativity was observed, with a negative AAGj. Additional 
combinations were made between a previoudy described light chain shuffled C6.5 mutant 
(C6L1, sixfold decreased Kd) and one of two CDR3 mutants (C6ML3-9 and 
C6ML3-12). These combinations yielded sFv with 49 and 84 fold improved affinity 

2fi (Table 16), Introducing the same rearranged Vj. gene into the highest affinity V„ CDR3 

mutants (C6MH3-B1 or C6MH3-B47) resulted in decreased affinity compared to 
C6MH3-B1 (Table 5). 

Table 16, Binding kinetics of sFv derived from C6.5 Vl CDR3 and Vh CDR3 mutants. 
25 Mutants obtained by conibining mutations of C6MH3-B1 or C6MH3-B47 with mutations 
from D library clones (Dl, D2, D3, D5, D6), Rate constants k«, and were 
measured by SPR in a BIAcore, and the calculated. 



ciono 


(10^ N] 


(1^^ r' 


[10-* r'] 


(Pftrefit) 


¥^ (mut) 


AAC, 
[kcaX/mol 
J 


(mut) 


A. Combine 


d mutants s i 


[:6KL3-9 OR C6ML3-12 with light c 


'hain Bhuffl 


ed C6Llt 


■CB=5EI 


3.3 


9.2 ± 
0.20 


3.0 i 
0.40 


3.0 


49 


0.42 




1.9 


b.7 i 
0.12 


1.3 i 
0.32 




54 


- O.IB 


a. comoined mutants s { 
C6L1: 


:6MUJ-B1 Ok C6MH3-B47 with light chainnniul 


ilod 


Ct-UiLl ^ B73 


_ 0.19 


2.^ ± U.iy \ 2h \ ^ 0.43 


1 


1 






(So 


S7 


\ 
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C. Combine 


d mutants t 


C6MH3-B1 R C6MH3-B47 with D Hh^.^, tnitnnl-.T 






4.7 * 

0.31 


0.15 i " 
0.005 


3.S 


'500 


- U.fcl 






6.9 * 

0.42 


""0.10 i 
0.014 


8.0 - 


10£7 


- 0.07 






6.4 ± 
0.20 


0.002 


9.2 


1231 


- U.53 






5.1 i 
0.36 


(I.IS i 
0.001 


3.4 


457 


- 0.40 






4.x z 

0.17 


U. 13 t 

0.002 




bOO 


- 0.16 




o.» 


7.1 ± 
0.95 


U.4S i 
0.001 


1.5 


235 


- 0,11 


Cb-B47D2 


U.44 


5.S i - 
0.72 


0.43 i 
0.001 


2.5 


364 


^ 0,62 




0.4S 


0.26 


0.33 1 
0.001 


2.3 


333 


♦ 0,29 - 


"C5=537IJr" 


U.63 


0.31 


0.39-T— 
0.002 


1.7 


254 


- o.oi— 




0.51 


5.5-1 

0.30 


0.30 I— 
0.001 





314 


+ 0.17 



Example <S 
frodPCtion of C6.5.Ba.sed niahittfiff?, 
To improve tumor retention sFv dimers (sFv*), were created as described 
above by introdudng a free cysteine at the C-terminus of the sFv. The dimer had a 40 
fold improved affinity compared to the monomer (K< = 4.0 x lO"" M). However, 
evaluation of the C6.5 (sFv'>, in vw. showed no significantly improved tumor reLtion 

at24 hours. Without being bound to a theoiy, U is believed that the disulfide bond is 
being reduced in mio, yielding monomeric sFv. 

To obtain a stable molecule for evaluation w viw, a C6.5 diabody (also a 
(sFv)^ was produced without introducing a cysteine and crosslinMng. Instead, the 
diabody was produced as described in Holliger er al., Proc. Natl Acad. Sd. VSA.. 90- 
6444^8 (1993) («. also WO 94/13804). To produce the C6.5 diabody. the pq,tide 
linker sequence between the Vh and V,. domains was shortened from 15 amino adds to 5 
amino adds. TTiis was done at the genetic levd. Synthetic oligonucleotides encoding the 
5 amino add linker (G,S) were used to PGR amplify the C6.5 V„ and V,. genes, which 
were then spUced together to create the C6.5 diabody gene. The diabody gene was 
doned into pUC119mycffis, the diabody expressed, and purified by IMAC followed by 
gd filtration as described above. 

The affinity of the diabody was measured using sur&ce plasmon resonance 
in a BIAcore and found to be 4.2 x 10-« M, with a of 3.2 x 10^ s"'. TTie retention of 
the FTTC labded diabody on the smfece of c-erbB.2 expressing cdls wm deiemmed fey 
FAO. Ate £80 minutes. 71% was stil retained oa the cdi surfece. Assuming 
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oqwnential decay for binding, this value for cdl surface retention correlates with a k;^ of 
7 X 10* s '. This is significantly slower than the k;,^ measured on the BIAcore, and 
suggests that c-erbB-2 density is higher on the cdl surface than the density used for the 
BIAcore measurements. 

Tbs retention of the C6.5 diabody in sdd mice bearing subcutaneous 
SK-OV-3 tumors was compared to C6.5. Single chain Fv were radio-iodinated using the 
chloramine-T method, and 25 fig injected into mice. Values are shown in Table 17 and 
plotted in Figure 4. At 24 hours, tumor retention was 6.48% of the injected dose/gm of 
tumor, compared to 0.9895 for C6.5. Tumonblood ratios were 9.7:1 for the diabody 
and 19.6:1 for the C6.5 sFv. Significant amounts (1.41 %) of the diabody was retained 
at 72 hours. The total area under tfie curve (AUG) for tumonblood was 2.3:1. 

Hie ability of the C6.5 diabody to be internalized into c-erbB-2 aqjressmg 
cells was compared to C6.5 sFv and higher affinity C6.5 mutants. Only Uie diabody was 
internalized, consistent witii sbidies using monoclonal antibodies to c-eibB-2 which show 
tiiat crosslinking of c-eibB-2 results in internalization. This does not occur witii all 
anti-c-€ibB-2 antibodies, but tatbec is epitope dq)endent. Thus C6.5 recognizes an 
internalizing qatppe, but internalization only results when the lecqrtor is crosslinked by 
tiie diabody. This opens up fbt possibility of creating diabody-toxin fusions (since toxins 
must be internalized to be active). It is believed that C6.5 also causes signalling through 
c-cibB-2 via cross-linking of the receptor and activation of the tyroane kinase activity. 
It has been shown tiiat activation of tiie cell through c-crbB-2 signalling increases the 
sensitivity of tiie cdl to conventional cancer chemotiierapeutics. TTirough activation of 

tiie kinase, C6.5 is expected to have tiietapeutic properties when combined witii a 
conventional cancer chemotiier2q)eutic. 



Table 17. Tissue distribution of diabody as a function of time. 



Time 




C6.5 


(Hrs) 


Tumor 
mean±se 


Blood 
mean±se 


Tumor 
mean±se 


Blood 
mean±se 


0.08 




42.08 ± 0.77 






1 


6.93 ±0.39 


21.47 ± 1.67 






4 


10.06 ± 0.63 


6.73 ± 0.29 


0.98 ± 0.08 


0.05 ± 0.01 


24 




®.67 ± QM 
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48 


2.42 ± 0.18 


0.11 ± 0.01 






72 


1.41 ± 0.13 


0.06 ±0 







Table 18. Sequences of i»imas used in the foregoing eaounples. Nucleotide mixtures 
used, molar fraction: 1: A (0.7), C, G, and T (0.1); 2: C (0.7), A, G, and T (0.1); 3: 
G (0.7); 4: T (0.7), A, C, and G (0.1); 5: C and G (0.5); 6: C (0.7) and G (0.3); 7: 
C (0.3) and G (0.7); 8; A, C, G, and T (0.25). 



Priattr 




LNB3 


5 • -CACGAAACAGCTATGAC'S * 


fd-t«q1 


5 • -GAATTTTCTGTATGAGQ-S • 




5 • -CTATCCGCCCCCATTCA-S* 


Llnk««q 


5 • •CGATCCGCCAKGCCAGAG-S • 


PVHIForl 


5*-TCGCGCGCAGTAATACACG(aXGTGTC-3« 


PVHJForl 


5 • •TCGC(%GCA0TAATACACAGCCGTGTCCTC-3 • 


PVHSForl 


5 • -TCGCGCGCA6TAATACATG&CCGTGTCCGA-3 > 


PVHiForS 


3 ' •GMrrCATTCTCGACTTGCGGCCCCTCCCCCGCAGTAATACACGGCCGTGTC-3 • 


PVH3For2 


5 • -GAGTCATTCTCGACTTGCGGCC6CTCGCGCGCAGTAATACACAGCCGTGTCaC*3 • 


PVH5For2 


5 * •GAGTCAnCTCGACTTGCGGCCGCTCGCGCGCAGTAATACATGGCGGTGTCCGA*3 • 


PC6VL1btck 


5 ■ • ACCCCCGTCTATTTTTGCGCGCGACATGACGTG6GATATTGC-3 * 


RJH1/2/6Xho 


5 • • ACCCTGGTCACCGTCTCGAGTGGT(»SA-3 * 


RJHSXho 


5 • - ACAATG6TCACCGTCTCGAGT66TGGA-3 ' 


RJH4/5XhO 


5 ■ •ACCCTGGTCACCGTCTCGAGTGGTGGA*3 ' 


PC6VHlFor 


5 • •GAGTCATTCTCGTCTCGAGACGGTCACCAGGGT6CC-3 * 


VL1 


AATCAGCCTCAT*y 


VL2 


5* -GAGTCAnCTCGACTTGCGGCCGCACCTAGGACGGTCAGCTTGGTCCCTCCGCCGAACACCCA-r 


VHA 


5' -CCGCAGnGGAACTACTCCA^SfB.B.S.B.B^S.S^B.S.a^BfATGTCTCGCACAAAAATACACGGC-r 


RVHA 


5* •TGCA6TAGTTCCAACTGCGC-3* 


VHB 


5' -GTATTCAGCCCACTTTCC6CA,5,S.8,5,8.8.5,8,8,5,8,8,CCAATATCCCAC6TCATCTC-3' 


RVHB 


5' -TGCGCAAAGTGGCCTGAATAC-y 


VHC 


5' -CT6CCCCCAATCCT6GAA6TA,5,8.8,5,8,8,CCA,5,8.8.5,8,8.GCA6TT6GAACTACT6CAATATCC-y 


RVHC 


5' -TACTTCCACanGGGCCCAG-r 


VHO 


5' *GACCAG(^GCCCT66CCCCA,5,8,8,5,8,8«5,8,8,5,8,8,nCAGGCCACUTGCGCAGTTGG-r 


RVKO 


5' -TGGGGCCAeSGCACCCTGGTC-r 


C6h)snot 


5' *GATACGGCACCGGCGCACaGCGCCCGCATGCTGATGATCCTGATGTGCGGCACCTAGGACGGTCAGCTT6G*3' 


PHL3-9 


5*-CaAGGACC6TCACCTT6GTCCaCCGCC6AACACCaUCCACTCA6GGTCtAATCCCAGCAt6C^ 


PKL3-12 


5' *CaAGGACGGTCAGCnGGTCCCTCCGCCGAACACCCAACCAaCCGGCTGTAATCCCATGCTGCACA6-3' 


PC01 


5* -GACGGTGACCAGGGTGCCaGGCCCCAAACGT6CAGCCAnCAGCCCACnTGCGCA-3' 


PC02 


5* -GACGGTGACCAGGGTGCCCTGGCCCCATACGCCCAGCCATTCAGGCCACTTTGCGCA*3' 


PCD3 


5*-6ACG6T6ACCAGGGTGCCaG6CCCCAGTTGTCCAACCATTCA6GCCACnTGCGCA-3' 


PCD5 


5' -GACG6TGACCACG6TGCCaGCCCCCACATCTGCATCCATTCA6GCCACTTTGCGCA-y 


PC06 


S' -GACGGTGACCAGGGTGCCCTGGCCCCAGGGGTACATCCATTCAGGCCACTTTGCGCA-3' 



It is understood that the examples and embodiments described herein are 
for illustrative purposes only and that various modifications or changes in light thereof 
will be suggested to persons skilled in the art and are to be included within the spirit and 
purviewof tfiisapplkation and scope of Ae^jpmdeddain^ All publications, patents, 
md patOTt plications d.tM herdn ar© tod)y incoipoiat^ by feferm^o 
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WHAT LS CLAIMED TSt 

1 1. A human antibody that specifically binds to c-exbB-2, said antibody 

2 being a C6 antibody. 

1 2. The antibody of claim 1, wherein said antibody has the variable 

2 heavy (Vh) chain of C6.5. 

1 3. The antibody of claim 1, wherein said antibody has the variable 

2 Hght (Vh) chain of C6.5, 

1 4. The antibody of claim 1, wherein said antibody is C6.S. 

1 S. Tlie antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6.S. 

1 6. The antibody of daim 1, wherein said antibody has the amino add 

2 sequence of C6ML3-14. 

1 7. The antibody of daim 1, wherein said antibody has the amino add 

2 sequraceof C6LL 

1 8. The antibody of claim 1, wherein said antibody has the aniino add 

2 sequence of C6MH3-B1 . 

1 9. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6ML3-9. 



1 10. The antibody of claim 1, wherein said antibody is sdected from the 

2 group consisting of an antibody having a Vl domain with one of the amino add 

3 sequences shown in Table 10, an antibody having a Vh domain with one of the amino 

4 add sequences shown in Table 12, an antibody having a V^ CDR3 domain having one of 
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the amin add sequences shown in Tables 4. 15, and 16. and an antibody having a V„ 
CDR3 domain having one of the amino add sequences sh vra in Tables 13 and 14. 

11. The antibody of claim 1, wherein said antibody expressed by any of 
the dones listed in Table 16. 



12. The antibody of claim 1, wherein said antibody is an Fab. 

13. nie antibody of claim 1, wherein said antibody is an (Fab^. 

14. The antibody of daim 1, wherein said antibody(sFv')j. 

15. The antibody of daim 14, wherein said (Sfv')j is a fusion proton 
of two sFV' fragments. 

16. The antibody ofdaiml, wherein said antibody is C6.5 Fab. 

17. The antibody of daim 1, wherein said antibody is C6.5(Fab%. 

18. The antibody of daim 1. wherein said antibody is C6.5(sFv*)j. 

19. antibody ofdaiml, wherein said antibody has a K, ranging 
firom about 1.6 X 10* M to 1.0 X 10" M in SK-BR-3 using a Scatdiard assay or against 
purified CHabB-2 by surfiice plasmon resonance in a BIAcore. 

20. The antibody of daim 19. wherdn said K, is about 1.6 x 10« M. 

21. A nucldc add encoding a human C6 antibody that spedfically 
binds to c-erbB-2. 

22. The nuddc add of claim 21, wherein said C6 antiTxxly binds to 
SK.BR.3 cdls with a K, less than about 1.6 X 10* as detennined using a scatchard assay. 



wo 97/00271 PCT/US96/10287 

103 

1 23. The nucleic add of claim 21 » wherein said nucleic add encodes an 

2 an antibody selected from the group consisting of an antibody having a 1 domain 

3 containing one of the amino add sequences shown in Table 10, an antibody having a Vh 

4 domain containing one of the amino add sequraces shown in Table 12, an antibody 

5 having a Vl CDR3 domain containing one of the amino add sequences shown in Tables 

6 4, IS, and 16, and an antibody having a Vh CDR3 domain containing one of the amino 

7 add sequences shown in Tables 13 and 14. 

1 24. The nucldc add of claim 21, wherein said nucldc add encodes the 

2 variable light (VJ chain of C6.5. 

1 25. The nucleic add of claim 21. wherein said nucleic add encodes the 

2 variable heavy (Vh) chain of C6.5. 

1 26. The nucldc add of daim 21, wherdn said nucldc add encodes 

2 C6.5. 

1 27. The nuddc add of claim 21, wherein said nuddc add encodes the 

2 the amino add of a C6.5 antibody and conservative amino add substitutions of said C6.5 

3 antibody. 

1 28. A cell comprising a recombinant nuddc add that encodes a human 

2 antibody that specifically binds c-eibB-2, wherein said antibody is a C6 antibody. 

1 29. A chimeric molecule that specifically binds a tumor cdl bearing c- 

2 eibB-2, said chimeric molecule comprising an effector molecule attached to a human C6 

3 antibody that spedfically binds c-crbB-2. 



1 
2 



30. The chimeric molecule of claim 28, wherein said C6 antibody is a 
single chain Fv (sFv). 
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1 31. The chimeric molecule f claim 28, wherein said effector molecule 

2 is selected from the group consisting f a cytotoxin, a label, a radi nuclide, a drug, a 

3 liposome, a ligand, and an antibody. 

1 32. The chimeric molecule of claim 28, wherein said effector molecule 

2 is a Pseudomoms exotoxin. 

1 33. The chimeric molecule of claim 28, wherein said chimeric molecule 

2 is a fusion protein. 

1 34. A method for making a C6 antibody, said method comprising: 

2 i) providing a phage library presenting a C6.5 variable heavy (Vh) 

3 chain and a multiplicity of human variable light (V^) chains; 

4 ii) panning said phage library on c-erbB-2; and 

5 iii) isolating phage (hat specifically bind said c-erbB-2. 

1 35. Hie method of daim 33, further comprising: 

2 iv) providing a phage library presenting a ttie variable light chain (V J 

3 of the phage isolated in step iii and a multiplicity of human variable heavy (Vh) 

4 chains; 

5 v) panning said phage library on immobilized c-eibB-2; and 

6 vi) isolating phage that specifically bind said c-erbB-2. 

1 36. A method for making a C6 antibody, said method comprising: 

2 i) providing a phage library presrating a C6.5 variable light (VJ 

3 chain and a multiplicity of human variable heavy (Vh) chains; 

4 ii) panning said phage library on immobilized c-crbB-2; and 

5 iii) isolating phage th^ specifically bind said c-«rbB-2. 

1 37. A method for making a C6 antibody, said method comprising: 

2 i) providing a phage library presenting a C6.5 variable light (VJ and 

3 a C6.5 variable heavy chain encoded by a nucleic add variable in the sequence 
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1 ii) panning said phage library on c-eibB-2; and 

2 iii) isolating phage that q)ecifically bind said c-eibB-2. 

1 38. A method for impairing growth of tumor cells bearing c-erbB-2, 

2 said method comprising contacting said tomor with a chimeric molecule comprising a 

3 cytotoxin attached to a human C6 antibody that specifically binds c-eibB-2. 

1 39. A method for detecting tumor cells bearing c-erbB-2, said method 

2 comprising contacting said tumor with a chimeric molecule comprising a label attached to 

3 a human C6 antibody that specifically binds c-erbB-2. 

1 40, A polypeptide comprising one- or mors of the complementarity 

2 determining regions (CDRs) whose amino add sequence contains a CDR sequence 

3 selected from the group consisting of the CDRs listed in Tables 4, 10, 12, 13, 14, 15 

4 and 16. 
1 

2 41. A nucleic add molecule comprising a nudeotide sequence 

3 encoding a single chain polypq)tide that exhibits the antibody-binding spedfidty of a 

4 human C6 antibody, said polypq)tide comprising: 

5 a) a first polypq}tide domain, comprising an amino add sequence that 

6 is the binding portion of a variable r^on of a heavy chain of a human C6 antibody; 

7 b) a second polypeptide domain, comprising an amino add sequence 

8 that is the binding portion of a variable region of a light chain of a human C6 antibody; 

9 and 

at one polypeptide linkers comprising an amino add sequence 

11 spanning the distance between the C-terminus of one of the first or second domains and 

12 the N-terminus of the other, whereby said linker joins the first and second polypeptide 

13 domains into a single chain polypqitide. 



14 
15 
16 



42. A polypeptide which exhibits immunological binding properties of 
a human C6 antibody, said polypeptide comprising first and second domains connected 
by a linker moiety, wherein: 
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a) the first domain comprises at least ne amino acid sequence that is 
a CDR derived from a heavy chain of a human C6 antibody; and 

b) the second domain comprises at least one amino acid sequence that 
is a CDR derived from a light chain of a human C6 antibody, 

43. The polypeptide of claim 42, wherein the first domain comprises a 
a heavy chain of a human C6 antibody. 

44. The polypeptide of daim 42, wherdn the second domain 
comprises a light chain of a human C6 antibody. 

45. An esroression cassette, comprising! 

a) the nucldc add molecule of claim 41; and 

b) a control sequence operably linked to the nuddc molecule and 
capable of directing the e3q>ression thereof. 



46. An egression cassette, comprising: 

a) the nuddc add molecule of claim 41; and 

b) a control sequence operably linked to the nucldc 
molecule and capable of directing the C}q)ression thereof. 



47. An expression cassette, comprising: 

a) the nuddc add molecule of claim 41; and 

b) a control sequence qpeiably linked to the nucldc 
molecule and capable of directing the expression the^f . 



48. A method of inducing the production of a polypeptide, comprising: 

a) introducing the expression cassette of claim 47 into a host cdl 
whereby the cassette is compatible with the host cdl and repUcates in the host cdl; 

b) growing the host cell whereby the polypeptide is expressed; and 

c) isolating the polypeptide. 
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a) introducing the expression cassette of claim 47 into a host cell 
whereby the cassette is compatible with the host cdl and replicates in the host cell; 

b) growing the host cell whereby the polypeptide is expressed; and 

c) isolating the polypeptide. 

50. A method of inducing the production of a polypeptide, comprising: 

a) introducing the expression cassette of claim 47 into a host cell 
whereby the cassette is compatible with the host cdl and replicates in the host cell; 

b) growing the host cell whereby the polypq)tide is 
expressed; and 

c) isolating the polypeptide. 
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